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sales promotion purposes. Citation of trade names and manufacturers
does not constitute endorsement or approval of such products.

This report was prepared as an account of government-sponsored
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tion, nor any person (A) Makes any warranty or representation,
expressed or implied, with respect to the accuracy, completeness,
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the use of any information, apparatus, method, or process dis-
closed in this report may not infringe privately owned rights; or
(B) Assumes any liabilities with respect to the use of or for dam-
ages resulting from the use of any information, apparatus, meth-
od, or process disclosed in this report. As used in the above,
"persons acting on behalf of the Maritime Administration" in-
cludes any employee or contractor of the Maritime Administra-
tion to the extent that such employee or contractor prepares,
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pursuant to his employment or contract with the Maritime
Administration.
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EXECUTIVE SUMMARY

OBJECTIVE Fourteen chief mates upgrading to master were then asked
to perform the same tasks. These chief mates, while

This phase of the USCG Training and Licensing project seasoned mariners, were minimally experienced in actual

established a method for determining performance stand- shiphandling. The two groups were then compared on their

ards to be used to assess the effectiveness of training shiphandling performance through these five test scenati os.

shiphandling on a simulator. The Computer Aided Opera-
tions Research Facility (CAORF) located in Kings Point, PERFORMANCE MEASURES

New York was used in this research program.
The performance measures for each of the scenarios ate
listed below.

METHOD OF APPROACH
Scenario A. Shiphandling during Harbor Approach. Per

Five scenarios were designed to measure five different formance measures:
aspects of shiphandling:

* Recognition that a buoy was off-station

* Approaching a harbor
* Mean deviation in feet off centerline

* Responding to a rudder failure in confined waters
* Maximum deviation in feet off centerline

" Negotiating a 51 turn with passing ship effects

* Mean deviaton in feet off average trackline"

" Negotiating a 129 turn around a shoal with oncoming
traffic * Maxirum devration in feet off average trackhine

* Responding to a propulsion failure in the vicinity of a Scenario 1, Shiphandling in response to a rudder failure in

bridge and shoal confined waters. Per for mance measures:

It was reasoned that the level of performance which a 0 Whether ownshp collided with any of three anchored

trainee achieves in each of these test scenarios should ships
improve after a simulator training program. However, it

was critical to demonstrate that these test scenarios were 0 Whether ownship collided wth the piers

sensitive to various levels of performance. To demonstrate

this sensitivity the following research was conducted. 0 Closest print of appi oach (CPAi in fet to two of the

anchored hips

PROCEDURE 0 The imotint of time in seconds it took to reduce own

ship's s)ed 'to less than 2 knot

Fourteen active first class pilots with 80,000 DWT tanker

experience considered expert shiphanrilers by their peers, 0 The aimount of riiml in secorrdl it took to reduce own

were asked to con an 80,000 DWT tanker through the five shlps alte of turn to less tharn or equal to 0.1 degree

test scenarios, per second.

*Average trackline refers to the trackline which best fits the route taken by the entire group of subiects

v



Scenario 2, Negotiating a 51 turn with passing ship effects. per forniance, the proportions of experts and novices who
Performance measures: scored above the cutoff value would have to differ sigrlifi

cantly. This was done using a \ statistic. Results are

" Closest point of approach (CPA) in feet to an outbound sunarized below.

containetship

RESULTS

* Average swept path in feet

Actual cutoff scores and the proportions of subjects who

* Maximum swept path in feet achieved these scores are reported in the appendix of this

report. Below is a summary of those performance mreasures

* Ratio of average swept path to channel width which adequately discriminated between pilots (experts in

shiphandling) and chief mates upgrading to masters (novices

* Ratio of maximum swept path to channel width in shiphandling).

* Whether ownship giouned on the channel bottom Scenario A, Harbor Approach. Performance measures
useful as training criteria:

Scenario 3, Negotiating a 129 turn around a shoal with

oncoming traffic. Performance measures: * Recognition of buoy off station

" Average swept path in feet 0 Mean deviation off centerline

* Maximum swept path in feet 0 Maximum deviation off centerline

" Ratio of average swept path to channel width 0 Mean deviation off average trackline

* Ratio of maximum swept path to channel width * Maximum deviation of average trackline

* Whether ownship grounded on the channel bottom Perfoirmance measures not useful as training critelia:

* CPA in feet to a tug-tow 0 None

Scenario 4, Shiphandling in response to a propulsion failure Scenario 1, Rudder Failure. Performance measures useful

in the vicinity of a bridge and shoal. Per for mance measures. as training ciitivia:

* Grounding on a shoal 0 Time to reduce speed (including collisions)

* Collision with a railroad bridge Performance measures not useful as traming ciriter a

EVALUATION OF PERFORMANCE MEASURES 0 CPA to Ship 3 (including collisions)

A 90% confidence interval about the pilots' average score 0 CPA to Ship 3 (excluding collisions)

was computed for each performance measure for each

scenario. The lower limit of this confidence interval 0 CPA to Ship 4

reflected the lowest value that the pilots' mean score could

be, given a 90% level of confidence. Ths lower limit was 0 Time to reduce speed lexclUding collisions)

then used as a cutoff score for adequate per formance.

0 Time to riduce rai of tWrn i Lexcludintt collisions)

The data were then reanalyzed to determ .e the propo

trons of pilots (experts) and chief mates (novices) whe 0 Colhsron with tpier

scored better than this cutoff value. For the tist sienarios

to be deemed sensitive to various levels of shiphandrlrng 0 Colfisirns with Iither ship Mr 1

v ,i i i I I



Scenario 2, 51 Turn. Performance measures useful as Performance measures not useful as training criteria:
training criteria:

" Average swept path
* None

* Average ratio swept path
Performance measures not usieful as training criteria:

Scenario 4, Propulsion Failure. Performance measures
* CPA to outbound containership useful as training criteria:

* Maximum swept path 0 Safe completion of transit

* Average swept path Performance measures not useful as training criteria:

* Maximum ratio swept path * Groundings on shoal

* Average rdtio swept path 0 Collisions with bridge

Scenario 3, 129 Turn. Performance measures useful as
training Criteria: SUMMARY

" Maximum swept path The phase 3 research was designed to establish performance

standards for simulator training of chief mates upgrading
* Maximum ratio swept path to masters. Five different scenarios incorporating numerous

training objectives were presented to pilots (expert ship-
Performance measures not useful as training criteria: handlers) and chief mates (potential trainees) and their

shiphandling abilities were measured. Four of the five
* Maximum swept path scenarios yielded statistically valid performance standards.

The methodology and results on the research are reported
* Maximum ratio swept path in detail in the text and appendices.

vii



CHAPTER 1

INTRODUCTION

In response to the IMCO convention resolution on Stand- The development of these criteria can be appioached in

ards of Training and Watchkeeping, all member maritime several fashions. One approach would impose standards on

nations have agreed to establish a standard for graduates the design of the facility itself, as well as its training

of maritime academies to have a minimum of one year of program and instructional personnel. A second approach

at-sea duty prior to licensing. Due to the cost associated would require graduates of the facility's training program

with the maintenance and operation of vessels at sea, to meet minimum performance criteria. A third approach

simulation has come to offer a viable and more cost- utilizes a combination of both simulator design and per-

effective alternative to extending the current at-sea training formance s:andards.

periods. Furthermore, current U.S. legislation has called

for the need to determine the effectiveness of simulation in Phases 1 arr 2 of the Training and Licensing project

meeting the requirements of the Port and Tanker Safety focused on generating data to be used in the evaluation of

Act of 1978. In the i"terest of achieving these objectives, simulator design characteristics. Phase 3 of the project

the multiphase Training and Licensing project has been focused on refining a method for establishing performance

jointly sponsored by the U.S. Coast Guard and the standards for those trained on shiphandlirg simulators.

Maritime Administration, and is currently ongoing at

CAORF. The goals of this project have been to develop

criteria for accrediting simulator-based training programs This report addresses the criteria for simulator-based tain-

in order to meet IMCO requirements, improve the safety ing systems at the master 'chief mate level. It describes the

of vessels operating in U.S. waters, and to protect the methods used and results obtained in estahlshing perform

operator from suffering losses due to participation in ance standards for licensed indit uals who have partaken

ineffectual simulator-based training programs, in simulator-based shiphandling training programs.



CHAPTER 2

ESTABLISHMENT OF PERFORMANCE CRITERIA FOR SIMULATOR TRAINING

In investigating the use of performance testing as part of To ensure that the scenario used in Phase 3 piovided high
the mechanism for acciediting a master level simulator- levels of discrimination between entry level (chief mate
based training program, it is apparent that such testing master) and expert (pilot) performance, exercises it) sh,p
would ideally take place n) the at-sea environment. How- handling were administered to 28 subjects: 14 were chief
ever, staggering logistics plus a large element of risk made mates upgrading to master, and 14 were pilots from around
it desirable to employ a high fidelity simulator, such as the country who were considered by their peers to be the
CAORF, as a surrogate fo the at-sea environment. best. The performance of both groups was then evaluated

using the method described in Section 2.4.
The rationale for using a high fidelity simulator in place of
the at-sea environment is based on a "backward transfer A description of the perfoirmance test scenaio along with
of training" model. In this model, an operator who is associated results and conclusions from this experiment
proficient with respect to the desired specific functional appear in the following sections.
objectives (SFOs) in the actual operational vehicle is
transferred to the simulator, where he is required to per-
form tasks corresponding to the SFOs. If he can success- 2.1 THE PERFORMANCE TEST SCENARIO
fully perform such tasks with a high level of proficiency
without practice on the simulator, then backwards transfer The actual test scenario is comprised of five distinct legs,
of training has been demonstrated. If trainees who have each designed to examine a particular aspect of ship
completed a simulator training program can then attain handling proficiency. The following paragraphs contain
the proficiency levels on the simulator as established by a brief description of the content and configuration of the

the expert operators, they should exhibit a positive transfer various legs, as well as their objectives.
of training when placed in the real world environment.
It should be noted that this backward transfer of training LEG A - Training Objective. Shiphandling in Har )i

model has been employed at COARF in the original Approach - This segment was designed to replicate a
CAORF validation (Hammell, 1977) and the evaluation of typical "harbor approach" exercise. (See Figu, 2-1.1.1
the Valdez Operational Exercises (Williams, 1978). Starting in open sea at a distance of approximately 8 miles

from the pilot station, the subject was required to navigate
In designing the Phase 3 experiment, the first step was to and handle the vessel in a traffic separation lane which
select a standard of expertise in shiphandling which master tepresented the approach to Port XYZ. This scenario was
level trainees could strive to attain. After considerable re- run for approximately 20 minutes and entailed th ' exercu-
search and discussion, "minimally acceptable shiphandling" tion of the turn in the tiaffic lane, an endavo which
was designated as the proficiency with which pilots per- became complicated by the piesence of tiaffic, navigational
formed when removed from their areas of local knowledge. aids off station, etc. The subject had two excellint slirr
It was reasoned that a skilled pilot possesses two distinct beacons for visual beatings, simulated radar, fathometei,
sets of skills: one is his superior raw shiphandling ability, and Loran C systems available for navigation. Also adiiale
gained generally through frequent practice; and the second was a new, simulated Automation Ditection Finde rfisl )ay,
is his local knowledge, which to a great extent streamlines providing digital reu routs or two local iadiobeacons-

his shrphandling practices through foresight and past Necessary publications such as tide tables, weathr i wports,
experience. Operating without local knowledge, pilot notices to ma er nrs, etc. were also available for Prusal.
proficiency on a test scenario should then provide an The scenario had been designed so that visual and rada
indication of the performance of a "better-than-average" scenes became intentionally misleading with an aid moved
shiphandler, the level desired for master candidates. from its charted position. The adlivennc: to thrre fesred

3
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Figure 2-1.1. Test Scenario Leg A

track was only possible through the careful cross checking approximately I mile south southeast of the "KV"' buoy at

of navigational information from several of the inputs the Gibson's Channel entrance, and tan tot approxirnately
available. 15 minutes. (See Figure 21.2,) At this point, a vessel

speed of 8 knots was most not mal and the ship had not yet

LEG 1 - Training Objective: Shiphandhing in Response to picked up any escort tugs. Confined conditions wie

Rudder Failure in Confined Waters - Designed to examine cleated in this seemingly open walt area by placing a line

the area of emergency shiphandling under rudder failule of these anchored ships along the easternmost boundaiy at

conditions, this leg commenced in upper Wyassup Bay, Kingston anchorage. Approximately 60 seconds into the

4S.
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Figure 2-1.2. Leg 1

run, the subject was presented with a rudder failure, LEG 2 - Training Objective: Naviqating a 51 Degree Turn

jammed at 15 degrees left, in the presence of wind and with Passing Ship Effects - This segment examined the

current. Any request by the subject for use of anchors was area of integrated shiphandling, that is, shiphandling in
countered by a phone call from the bow stating that the the presence of physical forces such as wind and current,
windlass brake bands had jammed (anchors were therefore as well as othei vessels in similar environment. (See
unusuablel. One of the two hypothetical escort tugs re Figure 2-1.3.) Subjects began at 6 knots, misaligned on
sponded to any distress call made, but (lid not arrive befoe the Ferry Point Range. Achievement of proper alignment

the run terminated. The tugs were shown visually as and negotiation of the 51 de gree bnld was iende ed some

approaching slowly from a good distance ahead. The what more difficult by the Pr esinci' of an outbound con

subject did not receive rudder control back, forcing him to tainership, which met ownship rea the apex of the channel
use thruster and engine power to maintain a safe aspect. bend.
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LEG 3 -Training Objective: Negotiating a 129 Degree gas pipeline in the area pi eclUded any use of an anchoio

Turn Around Shoal with Oncoming Traffic - This leg the subject had to use the i uddei anid the bov\\ th[I Sitr

took its predecessor one step further in that the bend to be Judiciously In order to negotiate the bi idge passage. Thi at

regotiatedI was now a 129 degree blind turni. (See Figure tie power did not return, anid the scene ended uponr Contact

2 1 .4.) Initial Speed was again 6 knots, and] winrd, cuirrent, with, or safe passage through, the br idge. It should be rioted

arid traffic were presernt to make niore difficult the execo- that although the hr idge, transit was difficult Without jro

tiori of tfie turn. pulsiori rmachirier y, it was an entirely plaUSif corrcept.
as well as a totally attainable goal.

LEG 4 - Training Objective: Shipharidling in Response to
Propulsion Failure in Vicinity of Bridge arid Shoal - This 2.2 SUBJECTS
segment erxamined emergency shiphandlirig as a result of

propulsion plant failure. It took place in that area of Masters
Shellfish Bay which lies above the terminus of Leg 3,
and involves a dhrawbridge transit in the presence of a power The masters wfho participated in the experimernt werep

failure. (See Figure 2 1.5.) With an initial speed of 6 knots, selected to represent a cr oss section of those entry level

the scene began approximately 0.3 nautical miles below the sfiipharidlers who Would benefit rmost from this type of

bridge writh escort tugs on either bow announcing that srmulator- based tr ainirig. The basic qualifications of tfhese

their lines were in and that they were proceeding ahead Subjects were:

through the draw. When the vessel was 0.1 nautical miles

from the drawspan, RPM went to zero and the chief engi- 1. To hold a cur rent master's cc, tificate but have rip

neer Calledf to announcie that the plant had failed. A natural previous exper ience as rmaster,
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Figure 2-1.4. Leg 3

2. To have expeiience aboard tankers in the 80,000 DWT The masters ranged in age from 31 to 57 years old with an
range. average age of 40 years old. The group had an average of

15 years of experienced as licensed deck officers with a
To obtain a representative sample, a broad range of ship range of eight to thirty years.

ping companies were contacted and asked to supply a list
of people who fit the experimental requirements and who Pilots
would be available for the experiment (Maritime Overseas,
Chevron, Aroo, Exxon, Gulf, Keystone, Zapata, Trinidad, The qualifications for the expert shiphandler category
Ogden Marine). From this list of names, individuals were required that the men chosen:
randomly selected and contacted until the full comple-
ment of 14 subjects was reached. 1 . Be active first class pilots with 80,000 DWT tanker

experience.
Before the experiment began, biographical data were

collected to determine the background and actual experi- 2. Be members of recognized pilot associations.
ence of thp men used in the sample. It was found that of
the 14 subjects, six had sailed as chief mate aboard 80,000 3. Be selected and judged by peers to be expert,
OWT tankers. Two of these individuals acted as mooring
masters aboard their vessels, but had no experience with 4. Have no pilotage or experience in New York Harbor.
shiphandling in channels. The remaining eight subjects

had chief mate experience on board tankers in the Pilot associations in Boston, Delaware, Houston, and San

60,000 to 70,000 DWT range. Francisco were contacted and asked to provide individuals

7
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who were judged to represent the expert shiphandlers in The performance measures used for each training objective
these associations. In this sample, there were four Boston are described below.
pilots, five Delaware River pilots, four Houston ship
channel pilots, and one San Francisco Bay pilot. The men Leg A - Training Objective: Shiph, cdling in Harbor
ranged in age from 29 to 63 years old with a mean age of Approach

42 years old. Within the group there was an average of Recognition of Buoy Off -Station
18 years of shiphandling experience and a range from 11
to 35 years of shiphandling experience. It was hypothesized that pilots would attend to this infoi-

matiori more than masters. Given that a subject noticed
the buoy off station, he could have maneuvered to the left

2.3 PERFORMANCE MEASURES of the buoy in or dei to stay on liack. Such a maneuvei to
port would have minimized off track drvi ation . However,

Measures of performance were selected either because of in light of the fact that a traffic ship was approaching own-
their direct relevance to training objectives (e.g., Did the ship at about the time of marmuver, the subject may have
subject notice that one of the buoys in Leg A was off noticed the bujoy off station but maneuvered to the ight
station?) or because logical inferences about shiphandling anyway so as not to confuse the traffic ship. Thus, the
and controllability could be drawn from these measures critical measure was whether the subject noticed that the
(e.g., How closely did the subject keep on track?). The buoy was off station. Maneuvering either to the left or the
dependent measures used in this study were also selected right of the buoy was not nrecessarily a measure of good
for their sensitivity to manipulation of independent performance, since bo0th maneuvers could be considered
variables. prudent.

8



Mean Deviation in Feet Off Centerline Time (in Seconds) to Reduce Speed Over Ground to Less
Than 2 Knots

This measure was computed by summing the absolute
values of deviations off centerline and dividing by the In response to the rudder failure in Leg 1, the subject had
number of deviations, to reduce the speed of ownship i order to avoid col.-ion

with either the anchored ships or piers. The time it zook
Maximum Deviation in Feet Off Centerline each subject after the; rudder failure to reduce his speed

over ground to greater than 2 knots was calculated in

This was the absolute value of the maximum deviation off seconds. These data were reported fo those subjects who
centeline, had collisions as well as those subjects who nad not. In the

event that ownshin never reached a speed greater than
Mean Deviation in Feet Off Average Trackline 2 knots, the minimum speed was used.

The average trackline for each group of subjects was com- Time (in Seconds) to Reduce the Rate of Turn to Less
puted and mean deviation from this tiackline was derived Than or Equal to 0.1 Degree Per Second
using tire technique employed for centertline.

In response to the rudder failure, each subject had to se
Maximum Deviation in Feet Off Average Trackline his shiphandling ability to reduce ownship's rate of turn

(ROT). The time it took each subject after the rudder
This measure was the absolute value of the subject's maxi- failure to reduce the ROT to less than or equal to 0.1
mum devration off his group's average trackline. degree second was calculated in seconds, Where 0.1 degree

second was not attained, the minimum ROT was used.
CPA to the traffic vessel was not considered a per formance These data were also reported for those subjects who had
measure because the scenario's objective was not one of collisions as well as those who had not.
collision avoidance. The traffic ship in Leg A was placed
there to add realism to the scenario and to affect the sub- Collision with Piers
ject's naneuver with respect to the buoy off its stition.

This performance measure indicated whether ovnship

Leg 1 - Training Objective: Shiphandling in Response to collided with the pieis after successfully negotiating the
Rudder Failure in Confined Waters turn around the anchored ships resulting from iudder

failures.
Collision with Anchored Ships

In this leg a rudder failure occurred when ownship was
passing by three anchored ships. A direct measure of Leg 2 - Training Objective: Negotiating a 51 Degree Turn

shiphandling skill in this situation was whether or not with Passing Ship Effect

ownship collided with the anchored ships.
CPA (in Feet) to Ship 3, Outbound Containership

CPA in Feet to Anchored Ships 3 and 4
Ship 3 was an outbound contaireiship which owvnship had

Ship 3, the northernmost anchored ship, was the ship mosi to avoid. The CPA was reported ir) fit.
susceptible to collision as a result of the rudder failure. If
the subject did not accelerate sufficiently to pass Ship 3, Average Swept Path (in Feet)
a collision occurred. Ship 4, the middle anchor'd ship,
was most vulnerable to collision as a result of the subject's The average value of ownship's swept path rriasurr'd In
failure to reduce the turn rate of ownship. The closest feet throughout Leg 2 was computed.
point of approach of ownship to either of these vessels was
measured and reported in feet. The maximum value of swept path i'achid i L'g 2 by

each subject was also detemired. This nieasui: is mote

Whenever the CPA to Ship 3 or 4 was zero (indicatig a sensitive than average swept pathi since larqr' values a', trt
collision), the CPA data were reported both including and "washed out" by smaller values, as in the casei of aveiage
excluding collisions. swept path.
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Average Ratio Swept Path Leg 4 - Training Objective: Shiphandling in Response to
Propulsion Failure in Vicinity of Bridge and Shoal

The average swept path in feet was divided by the channel
width to create a measure which indicates the percent , Grounding on Shoal
of channel width taken up by ownship.

These data were weported for those subjects who grounded
Maximum Ratio Swept Path out and those who did not. It is a dichotomous variable.

This measure was similar to that described above; however, Collision with Railroad Bridge
the maximum swept path was used in the numerator rather
than the average. This is a dichotomous variable. either a subject hit the

bridge or he did not.
Grounding

Safe Completion of Transit
The distance between the keel of ownship and the channel
bottom was monitored throughout this leg. Whenever this A subject was considered to have safely completed the
distance reached zero, a grounding was considered to have transit if he did not ground out or collide with the bridge.
occurred. The scenario, however, continued until a collision
occurred or until normal termination.

2.4 APPROACH TO EVALUATION OF
PERFORMANCE MEASURES

Leg 3 - Training Objective: Negotiating a 129 Degree Turn
Around Shoal with Oncoming Traffic A measure which can be used as a valid test of shiphandling

ability must first and foremost be sensitive to degrees of
Average Swept Path (in Feet) proficiency in shiphandling. In order to demonstrate the

sensitivity of a performance measure, one must show either
This was computed in a manner similar to Leg 2. that experts differ from novices with respect to that

measure, or that the score achieved by a novice on that
Maximum Swept Path (in Feet) measure will change in a favorable direction as a result of

training.
This was computed in a manner similar to Leg 2.

The performance measures utilized in Phase 3 were selected
Average Ratio Swept Path because previous CAORF research indicated their sensitiv-

ity to training or because they appeared to be directly
This was computed in a manner similar to Leg 2. related to the training objectives. However, in order for

a measure to be used as a standard for evaluating ship-
Maximum Ratio Swept Path handling proficiency, it must be sensitive to degrees of

proficiency. Thus, expert shiphandlers should perform
This was computed in a manner similar to Leg 2. differently than novices on any measure used to evaluate

shiphandling.
Grounding

With this in mind, a strategy for evaluating each perform
These measures were computed in a manner similar to ance measure was adopted. A flow chart of this strategy
Leg 2. appears in Figure 2-4.1.

CPA (in Feet) to Ship 8, Tug-Tow The first issue in evaluating each performance measure
dealt with whether or not most experts (pilots) performed

Ship 8 was a tug-tow approaching ownship in Leg 3. Where better than most novices (masters) with respect to that
CPA was equal to zero, a collision occurred. CPA to Ship 8 measure. It was difficult to answer this question when only
was reported for those subjects who had collisions and 14 of each group were used as representatives. Any statisti-
those who had not. cal test used to evaluate differences between these groups

10
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NOTE WHETHER THIS PERFORMANCE

MEASURE DISTINGUISHES BETWEEN

PILOTS AND MASTERS
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OF PILOTS AND MASTERS WHO PASSED
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-J FREQUENCY. 57 i
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FORMULA OF\2UESAAR"

SREPORT RESULTS]I

Figure 2-4.1. Strategy for Evaluating Each Performance Measure



must deal with a skewed (.istrtibution of scores and the loss 2.5 RESULTS

of statistical power associated with small sample size

(Cohen, 1969). Leg A - Harbor Approach - Training Objective:
Shiphandling in Harbor Approach

If the scores were normally distributed, then the t-test for

Independent samples would he the approprrate test of Five peformarnci' measures were evaluated in order to
group differences. If the population variances were unequal, determine a subject's abii ty to handle ownship in a harbor
the for mula for computing It should be modified according approach situation where an important turn buoy was
to the method described by Cochran and Cox (1954). off station. Each subject's actual track plot is shown in

It the scores were not normally distributed, ther the Figures A-1 through A 14 for masters and Figures A-15
Mann-Whitney U test is most appropriate (Siegel, 1956). through A-28 for pilots.
These two statistical techniques shouLd yield quite similar
p values (probability of occurrence by choice) when the a. Harbor Approach - Recognition of Buoy Off Station
distributions of scores are approximately normal. The off-station buoy was particularly important since it

narked the turn in the middle of a separation zone. It is
The next malor Issue irr eIvaluating the performance meas- indicated in each plot by a black dot in the vicinity where
ues was to establish a cutoff score for each measure. This each ship altered course. Some subjects who noticed that
cutoff score should reflect the difference between the the buoy was off-station passed on the left side of the buoy
performance of experts (pilots) and novices (masters). in order to stay in the lane. Other subjects who recognized
To accomplish this, a 90 percent confidence interval was that the buoy was off-station passed on the right side of
drawn around the mean of the pilots. The lower limit of the buoy. This occurred even though the subject noticed
this confidence interval reflected the lowest value that the placement error so as not to confuse an oncoming
the pilots' mean could be, given a 90 percent level of vessel. This procedure is not incorrect since ownship is
confidence. Using this value as a cutoff score, the data in open waters and there is no other immediate dange:.
were reanalyzed to determine the proportions of pilots and A determination was made as to which sub)ecis noticed
masters who scored better than this value, that the buoy was off station and a summary of these data

appears in Table 2-5. 1.

For a performance measure to be valid, a larger proportion
of experts should "achieve" the cutoff score compared to
novices. Therefore, a 2 x 2 contingency table was created
for each measure. This table reflected the number of pilots
who scored better than the cutoff scores (achieved cri. TABLE 2-5.1. NUMBER OF SUBJECTS WHO
teron) or worse than the cutoff score (did not achieve NOTICED BUOY OFF STATION AND POSITION
criterion) and the number of masters who did likewise. OF BUOY DURING TRANSIT LEG A,
In order to determine whether the proportion of pilots who HARBOR APPROACH
achieved criterion was significantly greater than the propor-
tior of masters who achieved criterion, a , 2 statistic was Noticed Passed With Did Not
computed. Where the smallest expected frequency in the Buoy Buoy On Notice Buoy
2 x 2 table was less than five, the Yates correction formula . . . . ..... .. .

for \2 was applied (Ferguson, 1976).' Right Left

All p levels reported in this paper are for one tailed tests, Masters 6 3 3 8
since this research was only interested Ini estabhfshig per
formanct, ctiteria above the mean of the masters. Thus, Pilots 13 11 2 1
only one dirlection was of interrest.

*The authors of this report are quit(' aware Of the argurmnts regardingl the appropi atenvss of \" wien small fi'vqu'nci's
occur. Results are given with anti without Yates corirectionr when the smallest expect:rl friequrency is less than five The
Interested reader should consult Bradiley et al , 1979, f r a succinct triatmient of this topic. I ru(luson 11976. p. 201, Sirilr,

11956, p. 78), and Hayes (1973, p. 725) also lprPvi(ri (hfscussions Iof this maltr

12



With the exception of one subject, all pilots noticed the (in feet) and maximum deviation (i feet). The mean

buoy discrepancy. In contrast, more than half of the deviation off average trackline is repoited below.

masters (d r not notice that the buoy was incorrectly

located. A chi square analysis proved these differences to An analysis of the data shows IFigure A-33) that the mean

be significant (\?(I1) 8.02, p-< 0.01). Thus, this measure deviation foi masters referenced from thei own trackl in-

appeals particulaily valuable in distinguishing master and was 520 feet while pilots only deviated on the average of

piot behavior in approaching a new harbor. 300 feet. The dffeience between these scores is significani

(t(24) - 2.82, p 0.01) and indicates that pilots tend to

b. Harbor Approach - Mean Deviation Off Centerline - vary their approach to the harbor less than masters. The

This measure yielded significant differences between the 90 percent cutoff score, 384 feet, resulted in ten of the

performance of masters (x - 1028.6 and pilots (x - 757.4). twelve pilots achieving criterion while only five of fourteen

A Mann Whitney analysis yielded a U(14, 14) - 65, masters reached this level. These proportions differ signif

p -- 0.001. The adoption of the lower end of the 90 per. cantly (\2 6.00, p < 0.01) and indicate that this measure

center confidence interval about the mean for pilots (906.3 should be considered in defining adequate performance.

feet) as an achievement criterion shows a significant number These results are shown graphically in Figure A 34.

of pilots having achieved this criterion (11 of 14). The

proportion of masters and pilots who achieved this score is e. Harbor Approach - Maximum Deviation (in feet) Off

significantly different (X\2(1) 5.25, p 1- 0.025) and Average Trackline - Since mean deviation (see above) and

suggests that mean deviation off centerline should be maximum deviation scores are related, it is not surptising

considered as a criterion for simulator training with respect to also find significant differences in maximum devation

to the characteristics defining this leg. Statistical details off average trackline between masters and pilots. The mean

and graphic representation of the data are given in Figures maximum deviation for masters was 1920 feet and for

A-29 through A-31. pilots was 1079 feet. The resulting t-test yielded signif,

cance at p K 0.01 (t(24) 
- 2.99). Details of the data are

shown in Figure A-35.

c. Harbor Approach - Maximum Deviation (in feet) Off

Centerline - The masters' and pilots' scores on this measure Using a 90 percent cutoff score of 1455 feet, 8 of 12 plots

were not significantly different lx - 2324 and x - 1915, achieved criterion and only 3 of 14 masters achieved cri-

respectively). The lack of significance is most likely due to teron. These proportions are sufficiently different (\2

the wide variation of scores within each group. However, 5.42, p - 0.05) to warrant consideration of this measure

when the 90 percent confidence limit is calculated and a as a discriminator of performance between masters arid

criterion score derived (2289 feet), 11 pilots achieve this pilots. Graphic epriesentation of the data is given in

score compared to five masters. These proportions are Figure A 36.

significantly different (\2(I) 5.25, p 0.025). These

data are summarized in Figure A-31 and shown graphically Summary of Leg A Harbor Approach
in Figure A-32.

Per for manci' measulies useful a laining ci ite ia

d. Harbor Approach - Mean Deviation (in feet) Off

Average Trackline An average trackline for this leg was 9 Recognitin of buoy off station

compute(l for masters arid pilots. Due to mechanical

recordinq failures, the data from two subjects could not 0 Meal d'viationr off cunterlini'

he included in the average track for pilots. Ther fo wu '

all data and analyses concerning pilot perforran c, Is 0 Maximurm flJ I ',1,nii ()if c'rrtr'r lmi

based on an N - 12 rather than 14.
* Mear dfvi,tl()l off vl' le tr'ick II ,

The composite tracklines for masters arid pilots ait shown

in Figures 2 5.1 and 2-5.2 ar( appear almost Identical 0 Maximum devitihon off ,vi'rmr' tracklin'

indicatirg that, on the average, both masters and plts

approached the harbor entrance in tfc sane nartinr i Thi' P i r rorin Ci' riiastndi' not t ii'iIl ar' t ilmiil ('ti a

coordinates of the composite tracklint forr each q(lup

served as the basis for the calculation of m 'an 'wviatiorni Noirr'
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Leg 1 - Rudder Failure -Objective: Shiphandling in cutoff scoi es calculatedi. The' nunmber Of pilots and nlastri S

Response to Rudder Failure in Confined Waters ,r0fi1-VIMri this Ci tel01 lolScC WdS then COWIPit(f. InI both

casesS, the propor tioni of mastrs achieving cr iterioni vas riot
Track plots ure showin in Figoirs B-i thrioughr B-14 for ill significantly rfiflfei'rt from that of pilots.
masters arid in Figures Bi 15 through B-28 for all pilots.
The plots show c. br si of r wrrship wit h r-sp'ci toIr thfer

thu re staitionany ships arid the closest larid mass. The b. Rudder Failure -CPA to Anchored Ship 4 Threse

rnoithi mrrost ichoiedf ship was designiated Ship 3, arid data, ifetailedf iii Figures B 33 and B 34, show roasters

the vessel aichorei SurmeVwhat below was designratedl Ship 4. l x 1075.9 feet) achieving a larger CPA than pilotS

CPA dfata excILirrII( arid Including collisions was calculatird Ix 922.8 feet) with a signirficant dif1ference Iretweeri thesi'

for bioth these shi ps. The track plots show the ofiVIrOLs twor means It(126) -1.926, p -0,05). Using a cutoff scorw

problems wi~fr which subjects were faced after the ruddler oif 826.9 feet, masters ann] pilots rind niot differ in thre pro-

failure. Subjects were primarily concerned with Inn Portions who scored abrover and below thi.s cutoff. -iSee

sufficient control of ownship to avoid hitting Ships 3 or 4 Fili'B3l
and, after cleai u therm, to avoidf colliding with the piers.

fit all, six performance measures weii anralyzedl III ivaIl- c. Rudder Failure - Time (in seconds) to Reduce Speed
ating his objective. Over Ground to Less Than 2 Knots These dla wie also

calculatedf Iniclurfiing collisions IF ilui' 8351 and excluding
a. Rudder Failure - CPA to Ship 3 - The ifata for this collsions Igores B -37 and B-381.
merasure wereV calculated in two ways. The first included
those sublcts who collided with anchored Ship 3, and] the The difference beitweeni the means of each group excluding
Second analYSIS excluded these individuals. A summaiy of thusr' Subjlects who collided pioved nion-significant. Howv
these (fata is prersented in Figures B -29 arid B-31 ( those who irver , when all subjects an' taken) into account, the dfiffer -

collided with Ship 31 arid Figures B-30 and] B-32. respec- ene fretween these means was signrificant It(126) 1.88.
tively (those who dfidf niot collide with Ship 3). This p) - 0.05. The uIse Of the lower end of the pilot 90 per cent
Information is dletai led in Table 2-5.2. conf idence i ntei sal as a Cutoff r esulted in 11 of 14 pilots

arril 6 of 14 Masters equalling or surpassing this score. The
Table 2 5.2 shows that in generral pilots expeirocerl motie ifffii erii bitween) thi'si' proportions is significant (\ 2 1)1
cullisons than masters.- E xcludinrg these four pilots and one 3.74, p) 0. 101.
master , the Iesulting average CPA of thi emaining subjects
showed no significant (fiffereirces. However, whem all It should he niotedl tfrat pilots experienced more collisions
Surbj ects are conrsi dered , rega rdfless of whit hi'r they cull id ed t hani mastICi s aird t hr scoiris of the pilots who colli dedl
on nit, the differnence betwein the group means (x ift tendned to hi' ii the lower ranger of the gioup. thus, they
maste'rs 326 fmeet and x oif pilots 188 fv'rtl was sirliti conitirited towain) making the pilots' performance appear
cant , t 126) 1.825, p - - 0.05 show pilot and masteri mnr better than the masters'. Since whether a sublect has a col-
CPAs Thi' 90 pe'rcernt cortdfncr limits win' calculated liSIOrn 0i not IS the ultimate mreasure Of good shiphaindling,
fin froth casi's IncLdiIrII arid excluingIII Collisins) arni It appenars valirl to comIpute the SCOreS excluding collisions

Ini tfhis instarici. Whet) this is dlonre, rio significant difference

appearls in) air vOf the calculated statistics and( it bi'comies
TABLE 2-5.2. MEAN CPA (IN FEET) TO SHIP 3, dfouibtful whether onirint this Measure IS Of Much use in

LEG 1, RUDDER FAI LURE sitting starnfards for ti aiing.

Including IExcluding
Collisions~ Collisions d. Rudder Failure - Time (in seconds) to Reduce Rate of

I- Turn to Less Than or Equal to 0.1 /Sec. Thi' utility nil
Masters Pilots Masters Pilots this penrformanice measorei apperars guest nnarle. Scoires of

IN =14) IN =14) (N = 12) (N = 10) muastiers annf pilots wvere fairly evennly interspnised througCh-
out the range iund none of the statistical tists showed any

326.3 188.2 351A4 263.7 sigunificoice. This was true whether the SCOreS Included Or
excluded those Subjects who had a collision. A Summairy

p 0.05. oif these clata appears in Figures 6-39 through B-42.
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e. Rudder Failure - Collision with Piers Only two failure, not o1ne. pilot used the thiusters in any oth- niodl,-

masters (no pilots) collided with the land and or pwns except "full," It is not until four Or morie ntrILtes after

following a successful clealing of Ship 3. This points to the failuie that pilots reduce thruste activity In summiy.

a possible superiority in pilots, but it is difficult to make both gioups responded to the rudder failure with rhrust+ ,
any inference with such a small sample size. activity, but pilots tended to take more defrnitive action

when the emergency occur fed.

f. Rudder Failure - Collision with Either Ships or Piers -
The number of pilots and masters who collided with either A review of engine ordeis ahead showed a very clear pattkeir
anchored Ship 3, anchored Ship 4, or the piers was calcu of activity for each group of subjects. Pilots gave almost
lated. In total, four pilots and three masters collided with twice as many orders as masters (62 versus 35). Not only
one of the three structures referenced above. This differ were orders given more frequently by the pilots, but they
ence is not statistically significant and, therefore, this tended to be laige as well lx engine orders for plots
measure does not appear to be useful as a training criterion, equals 20.90 RPM, x engine orders foi masters equals

16.40 RPM). Pilots also (lid not hesitate to use full engine
Summary of Leg 1 - Rudder Failure RPM and then revert back to "zeio" rather than 3 4, 1 2,

or 1 4 speed in a dttenpt to control owrnshil afte; the
Performance measures useful as training criteria: failure.

* Time to reduce speed (including collisions) The distribution of engine orders astein did not show any
appreciable difference in the behavior of masters and I)lots.

Performance measures not useful as training criteria: For both groups, the greatest number of commands (over

55 percent) occured directly after the failur, irndicating
• CPA to Ship 3 including collisruns) a realistic response to the emergency.

* CPA to Ship 3 (excluding collisions) The amount of rudder remaining, engine RPM rematninl.

and thruster remaining were summatized lot all masit; ,

0 CPA to Ship 4 and pilots. These measures indicate the amount of rmdrer

RPMs, and thruster powe available to the suhject toi
0 Time to reduce speed (excluding collisions) emergency use. The amount of rudder iemarnrig V\a5

calculated by subtracting the maximum available oudde
* Time to reduce rate of turn (excluding collisions) (35 1 from the average amount used, and then dividing tht

absolute value of this difference score by the maximum
* Collision with piers available rudder (35 ). RPM and thruster remaining wer

calculated it a similar way, substituting the appiopriate
* Collisions with either ship or pier values for maximum available RPM and thiuster. No dif

ferences in the performance of masters and pilots .ee
Bridge Behavioral Data for Leg 1, Rudder Failure - In found for these measures. (See Figuie B-43.)
general, masters tended to exhibit slightly more thruster

activity than pilots (30 thruster orders for masters versus Leg 2 - 5' Turn - Training Objective: Negotiating a
22 for pilots). As expected, the majority of thruster activity 51 Turn with Passing Ship Effects
for both groups occurred immediately following the rudder
failure. Masters and pilots appeared to differ in the manne Six perfoimance measures weri collected fot this sgement.
in which each groJp responded to the rudder emergency. The task of the subject was to mani;vei ownship through
Pilots used a higher percentage of orders calling for 'full" a 51 turn while passing an outbound contaireship all
thrusters (72 percent) than masters, where only 60 percent proaching the channel bend from the otli i direction. The
of thruster orders given were for "full." The use of "full" actual track plots for all masters appea on the light hand
thrusters by pilots extended throughout the run. All pilot side of Figures C 1 through C-14 arid for pilots in Figures
orders (with the exception of one) were for "full" or C-15 through C-28. In these plots, both the channel bound
"zero" thrusters. In contrast, masters occasionally used aries and center trackine are shown, hut the outbound

3/4 or 1/2 thruster during this leg. In fact, during the first tanker is not indicated. The track plots on the left of rach
third of the run, and immediately following the rudder chart represent Leg 3 and will hie subsequi tlv dltailed.
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.i. CPA to Ship 3 - 51 Turn - (Outbound Containership) PrI for raIrc Ind st I ~ rio Usfu 111dSJIU 10 I s I 1 01111rHg CI 11r'rI

The average CPA for rrrastrrs (x 487.3 fort) (11(] riot
ifter Signirficanrtly from the average CPA for pilots (x 0 CPA to ou.tbounld contadirreiStip

-304.5 feet) fir addri tionr tihe lovver enid of the pilots' 90 per
:errt Coriierici, inter sl as, a Cutoff 'r Uefred rio Sigoi1flCaOlt 0 MdXirironi sssr'jt oiiat
lifferrircs Ini pinor 'ti ont masters and pilot', vho
ichieved or (fill rnot achieve this crtel rion The dacta, hlow * Avrrragr! SVt.~pt path

5cr,' die rirCIorfIfd f0r irfeirrici ir F gores C-29 arid C-30.
0 Maxi mum ratio swe~pt path'

r.51 Turn - Maximum Swept Path The scores it) tis 0AeaertoSetpt
Ireas~U eVar iedtt l iryIrttlec betWeco ast TdsCS ild Pilots (See vrgertoswp at
-gores C 31 arid C 32) A 90 perrcenit confidence interval

utoff score dlid riot result rl Signrirficarntly difrrierit propor- Analysis of Bridge Activity in Leg 2, 51 Turn Ar) xr ii

iolls of masters arid pilots who exceeded this score. rai~iu i g eairsrsta oiet n it
gO Hps gave thet. most i otfier ordI afboud~tit halfwadY thi ioIgli
the first sbectioni of thiis leg. A secondary sp~Iit Ilk rii Ofi t

-51 Turn -Average Swept Path Tfie Scores for tis~ sectionr anrdr a tapering Off 11) aclt' t f 11r tO ri f fi tO
vriagit, swiept patfi for masters antd pilots also dit(] riot ii -sas vdn seFgisC3,C4,adC4
ifter Significantly (see Figures C 33 arid C 341. Therefore, These graphic illUtlJtiators shov,1 that Iuirti gioLips, ril'ir
0 grrrrerahlrorS carl be mradei abiout the relative per form alrrost air identical nrumbuer Of fall r .ght Or full f0t 10001"s
ilci of the two groups hasedf on) tis measure. oifors. However, pilots teritlid to givez more riinilsh~ps

orderis than masteis, especially duiiirg Thfrr ) ttl:t,tf Hi
1. 51 Turn - Maximum Ratio Swept Path This incas tir (Lrni (Figure C 401. No o~ther itistict patterins of tnt

it, also id( riot yield anly nmearirgful results. FigureVs C-35 were recogirizable ill tfis leg.
idt C-36 are a summary of the data.

Masters and pilots also (lid riot Sfitmt\ a ny (IMffi-i

o ddfer ,engine, arnd tin LIstor I Iciii! nrriinMr51 Turn - Average Ratio Swept Path This menasure ec esr t ie l i~t 2i)]iit helded no statistically sigrirficarnt results. FigureUs C-37 antd ahmaueaegvniiFgr 4 n et

38 showv tfrc means ant stanrdardi deviations for both data yieltfed no signifi can t cumpar sons.

oups. A X2 test compaiinil the pirtportlions of niasters Lg3-19 Tr rmngOjcie eoitnif pilots svho achirevedt ciiter tin biased it a 90 per cint Le 3 12 Tun- raingOecreNgoatga
mnfiderrcni lrmrt also proved rnornsignirfrcant. 129 Turn Around Shoal with Oncoming Traffic

Fivl-, per fi mant melastri~e sWere' calcLated for this Jlg jiild51 Turn - Groundings Anl analysis of tire number (with lthiV Cxcepti0t1i Of CPA to container ship) were, itfIrtical
iJldiFriS' 11) tis) le(I irVealinif ttrrt tilr ia'sters anld to thi n res dfetailedt (i the arilaysis of Leg 2. Ther acttual

Ji [)ilots gOrirrren O"wrIStiiit ii) thre [Ltill. Because tfiS rtacks for tfis leg are show onl tihe left site of tfrr, r~otS ir
fririeis riisrrJriiftrar little can hir ielii ie fromn Frgunrs C-I tlrtrugfr C 14 (mrasters) aridt FigureUs C 15 ti)

irs Inrformat iioi C 28 (piots).

I SLIM31. 11Of 1VJh~k'WCd~tWSpl~edlISLfil;0II a. 129 Turn - Maximum Ratio Swept Path Thirs mrasrfrstrrrgursf bretwenii ther pri foirric of masters arid ore yrlcfedd mrrarnrrrgfol results. The ntrffer'tit werriC
iluits. Thverf-rr, within thi- corntrxt of this par ticular temaso iati x 701aitp~t x 064 a
Clrrar o these mrnasures r10 tlit hold rnrrCh Pr OMISe ats signrificarit ip ' 0. 051. (See Figuir' D 5.) A cutoff Screi
Inn la for liarining b1 awen oil tfhe 90 per cenit conrfidennci limits Yieldted ten prilots

lot 14) anrd fivre mrasters (of 141 whno exceedfed tis cii
ummary of Performance Measures in Leg 2, 51 Turn tin on . Thense pr opon toirs air sigirificaritly dtifirerit I\"

3.59, 1) 0,05) and iriricati, thre potential Lise, of this
'etrlotrmarrce measures useful as trainingcrtra measure to ditfienritiatrr perfo nrarrcc ot master aunt pilots.

Thn fleirguncy ilaid are Summar izerd arnd rllUSt ted inl
1, Nore Figuries D-5 andf D 6, respectively.
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b. 129 Turn - Maximum Swept Path The iesults of No diflerlrc betweln masteis atid pilots' piwre'l.I rv01 dir

this mfeaSurIe are SUrnmalized in F gure D 1 The mean Ing Of rdi er g i and thrusters was found. Dea,ls

maximuLm swept path for masters (x 534 ftret) is lilt of these measures are given in Figure D 9

statistically difftirnt from that of pilots (x 514 fet).

It the lover eind of the pilot's 90 percent confidence Inter Leg 4 - Propulsion Failure I Training Objective: Ship-

val (534,7 feet) is used as a ciiterion, 13 of 14 piots and handling in Response to Propulsion Failure in Vicinity of

only 7 of 14 masters achieved this score The diference Bridge and Shoal

lrtsveri these propor trons is slnificant I\' 4,38,

p 0.025 aind Is .r aph1cal ly shown in Flguit, D 2. This leg Investigated how%' masters and pilots responded to

an emeigency situation, that of propulsion failure The

c. 129 Turn - Average Ratio Swept Path - An analysis two primary tasks to ownship were to avoid grounding

of this oniasur shovS that the difference between the on) the shoal as the ship approached the bridge and to

means (" both gIroups was not statistically significant avoid colliding with the bridge itself. The track plots

(Figures D 7 and D 8). There were also no statistically appear in Figures E 1 through E-14 for all masters and

significart differernces between the pioportolnS of pilots Figures E 15 through E 28 for all pilots.

and masters who achieved a cutoff score derived from

the 90 iercent confidence interval, a. Propulsion Failure - Safe Completion of Transit - Of

14 pilots tested, eight pilots did not ground on the shoal

d. 129 Turn - Average Swept Path - No significant nor hit the bridge and, therefore, were considered to have

differenices between masters and pilots were found for this safely completed the transit. However, of the 14 masters

measure. The data for this leg, however, are shown for tested, only three completed the transit without a casualty.

ieference ii Fgurles D 3 and D-4. These proportions differ significantly (l\2(1) 3.74,

p , 0.10) and support the adoption of this measur as a

e. 129 Turn - Number of Groundings -- In this leg, two performance criterion.

pilots and three masters grounded. These data are insuffi

cient to provide a basis for discriminating between the b. Propulsion Failure - Grounding on Shoal - Of the 14

per for mance of masters and pilots. subjects in each gioup, a total of two pilots arnd five masters

grounded on the shoal. A chi square analysis of these data

does not yield significance (-k2 ( 1) 1.71 ). Thus, the use of
Summary of Performance Measures for Leg 3, 129 Turn grournig on the shoal as a performance measure does not

adequately discrimirate shiphandling ability of masters and
Per formance measures useful as training ciiteria. pilots during this specific emergency.

" Maximum swept path c. Propulsion Failure - Collisions with Bridge 0 1 th

subjects who (lid riot ground on the shoal, six out of tit,

" Maximum ratio swept path remaining nine masters hit the bridge sWhile four of thu

remaining 12 pilots hit the bridge. This dffference is not
Performance measures riot useful as training criteria: significant (\2(l) - 2.29) and irdicates that This partcula,

measure does not appear to he useful as a per formance
* Average swept path criterioni.

* Average ratio swept path Summary of Leg 4, Propulsion Failure

Analysis of Bridge Activity in Leg 3, 129 Turn - An Perfor mance measureS useful as trainingiclitela

analysis was made of both rudder and engine orders for

this leg. The analysis included such factors as magnitude 0 Safe completion of transit

of response, time of response, position of ownshrp, and

number of orders given. No distinguishable patterns of Performance measures not useful as ttarming c1itiria

rudder and engine activity were found. Thus, it appears 0 Groundings on shoal

that the bridge behavior of masters and pilots Is similar

for this leg. 0 Collisions with bridge

19



Sumimary of Bridge Activity, Propulsion Failure W~hile anrid yieldied a ciii ti n score which sOUssfully rIsCrII nri

there was virtually nor (iffere'ici in thel total nlumbrer of irateti between tirse (if 001). These cut in tn scotres call onlly

rudder criders given, it was appaint thait roadsters tended hie applied to the 'specific SCerrarIn used III Len A. Howi-vir
to give more rudder ordcers befote thel failure than pilots, one( canl expect that whIrV graddteS Of Ofthir SIrrUldri~

After thir failure, pilots tenuded to give mote orders tharn training programs are- placed Ini this hIra' ho apiroucir

masters. Ain examirrationr of tih' actionr takenr directly after SCerrar in, their pe fCormMrrrci call b", COrrijxnrr'd To Till

the proipulsion failure indicates sone irteriStiiq dlifftieiCes standards establishred through till Phrasie 3 wsear cf'

in strategy. In terms of rudder use, pilots revert hack to
'' midships'' more frectoerrtiy thaii do masi'is irr recover rig fit Lent 1, a roddir farloi ' occur10 rdas OVinslipItasit b) Y

from the failuore, arrd a higher peficrirtage of pilots than frr ev anchorerd ships. The position of sih' r idulir wads Stuck

masters called for full throsterrs. It appears that pilots, in a hard left position. Ornly tin1o.191r IhV prOperl uSi' iii

reacting to the failure, prefer to use tile thruster rather errgine arid thrusters could owrrship keep fionr collidiing

,,hall the rudder to control owriship. Masters tend to rely with eitfher the arichired sfhips or tfhe pris. Four pilots inid

oir both iir marreuver rug tire vessel rrr this situation. orrr rmast(,.[ eventually collided wvith air arCcfinr'd shipi, While-
no0 Pilots arrd two masdters collide'd with thel IrerS Whetherle

Thi, percent remaining of rudder, engine, anid thruster for anr average crf tfhree to four collisionrs for every 14 r odder

nasters anid pilots did riot differ significantly bentweern fuiluir' sceriarins can he corrsid'red a gon or'ta '

these groups. Details are r eported ir Figure E -29. ieicor d is not krrowri These Cdta may simiply reflect d

irality that, givern this scenario In the real worId, 28 percvi

2.6 DISCUSSION OF RESULTS of the timne a collision would result. Thus, the irveit rifJ

AND CONCLUSIONS collisiorr failedi to distinguish he twr'en pilots.' arid masters'

erinigenrcy shrpharrdlrrrg abilities. WIA/fr these, results 1iii

The bar hor approach leg (Lerg Al emirged as tire all -around irlitially surpr rsiirg, a closer look at tire subjects pr uvi dr' an
rest discri mirrator between expert shipharidler s (pi lots) explarnatiorr. Tire prilots were selr'cti'd by thir aissocwiorrs
ind relatively inexperienced sh ipharidlers (chief mates for theirr excel lent records as local shipharrdler s Howevver,

ipgradirrg to masters). tfll' cegi ee to which their eXperkt% is' was b3sed 0'rn local

krnowledge anid tfhe ditgieu to which it was basid n iii 1as

rhe fact that 13 pilots arid only srx masters recognized shijpharrdlirg ability was riot krnowr. Ther ror i, tie pilots

-hat the torn buoy used for harbor appronach was off station who collided 'nay, in fact, he superior sh iphairdler s in thei
ulggeStS that pilots are more attenntive to erivirornmerntal ownr arcras, but thris SUPnr or1 I ty doe's rut1 conmple'tely t iais fri

rues. Sinicr rorne of tihe pilots belonged to the Sandy Hook to a new irrvirornmernt. Likewise, one would have naively
"Ilot Association, they could rot haver relied orr local erxpected mre than) lust ti e roasters To radve coIl di'd

.nrowledge to rrotice the off station iroy. (Port X YZ was However, riaster s werie riot selercterd specifically for t herr
modifrcatior of New York Hairor.) Rather, one canl Irrfer lack of proificiency in) sripfrarrdliirg. imvtrr' tfhey wrio

hat the expert shipharidler pays close attenirtorr to puirlica selected for tire lu'rItfi of time they reld their licrnsi's.
otis such as notices to mariners arid relies on) more than Sorini of then masteis rray JrCtUally ha,' ii'r quit'11 iiof.

rre irndicator of position. A simulatoir training pr ogirm Ci14rt ,t Shhiaritlring. thrOS rrmprovrrrg tihe rviall oei furin
.aml use ther rrecogrnitiorn of ant off stationr iroy as a valid airc Oif Ihn ~tIAS as a gi n1-11.
rairririg orbjective. A Soccessful training Pruglrm Shnould
.fmow greater itteniorr to navigational airds after tiring Tire best rnrrSoI' Ii mrXPctnr t im VInVInr'inrcy srtl~ lr

was tire amount Of~ till)( it torok a Sobltret tor itlsict' )rvin
-he barbtor approach reg also yieldemd diata irrticatirrg that sip js Speedi OVer tinW (itrirnit hr ss tfr,rr 2 krrots ,ifitc' tihe
'xpert siripharidlers mre monre conrsistenrt arid accute at i odtn fa1ILr' Occur r iti Sirici' tflr' Inr tlS 'neirfiti tir g,1111
rackkeeprrg corrpdrid to riefatively iriexpii urrcmn ship control after the' ruddterr tf1il4ri0 kNeiP imaxirmally iffectivi',
rancilers. The mean and maximum denviat ions toff the at lowver spevids, the' nJInckriess wiltlr which J SUfjrrct Coultd
reritertire, as well ats average tracklirre, emreiged as sensitive reduce thie speed Ofi rwrsirp was coirdrreredr a r'lc'varrt
neasumns of shroh-aorirrg prorficiency. mraScrrnr Oif i geircy siripharrclirrq. Tire, ilots vnid rrastc'rs

differedi sigrnificarrtly wih tespect to tis IrleaSUIr' arid the
Every measure of performanrce applied to thur bar bor cutoff score tier ived from tfhis mneasure succressfuclly (ts
ipproach leg yielded differences between pilots and masters Cr imirratir betwveern exprer ts arid irovicers.
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In conclusion, proficiency in emrgiency shiphandling in (,Merged as successful disC? imirraturs (if silipfiardlirig

etspoiri TO J Mulder failure In confined waters can) be piroficiency. Th- cutoff scows obtained Through The

effectiVely gaugedi uSing thet Time it Takes to ieduce ownr analysis of the data should si e ts usefUl staidards (if
ship's spee'd as a per for rinrce rneasur u. simulator per for manice

Shiphandlrigq through a TuO iiwas eXarnirref usrrrg a 51 Torm The approach to a railroad bridge mi tfru, viciinity of a shoa,j

with passing ship effects inI Leg 2 and a 129 pi ecisiurn turn follower by a proipulsion fai lure, curistitUted the e? icy

int Leg 3. The number of rlrouridings experienced by pilots shipharndlirig scerrar o of Leg 4. Five rilasters rird two(

and roasters didi not differ In these legs. This lack of differ Pilots gi O-inded Oil The shoal. SIX Of IIl MM fennrrill

ence, is casualties is sitmilar to tfrat teirp ted In Leg 1 and masters anrd four of the imnaining 12 pilots proceededf to

tend~s to confir m the explanation provided In the discussion1 hit the railroad hr idge. While these difefereics Nerel riot

of tfiat leg. statistically significant, they Irndicate a definite treird inn this

data, The best discriiinationritu rigrc shnphariifnng

Overall, the 51 turin dfrd riot yield diffrrences In prnrfoilo-7 ability In this par Ocular scernar sri was th' rnurrrber oif

alice between mrastrvrS ans pilotsv. Th is may he due to a poor subjects who successfully cornpleted the t raris t , l ii

selection of per for macice mleasures lie., insensitive to casualties. Eigfht of the pilots arid Only three, of Tire tnasiti

differernces In abilltiesl , to poor scenrar in design (is.e ., riot Ceegrf urrSCatfied. This nlnsui is a1 stntsicalny valrI

sufficiently difficuit to extract differences inl afulityl, or discrrnriadtor which Should pr use usfu ins istnfiksfiiq

to air mnaccur ate assumption that pr oficreir shiphidi ling is per for rnarrcn stanriur(is,

necessary TO properly execute a 51 turrr with passing ship

effects.- The latter explanadtionI (Ii.e., adccur ate assuri In surinmar y, the Phase 3 WSI esina cli w s rfesged TO (stahliSh

trolls) is probably not the cases, since Threle mnasters arnd two performance starnlards fur simulit arining irf chif miates

pilots groorrdecf ownship clurig tine scenario, ind~icatinig upgrading to masters. Five dsfier er i scenar us Ii icur porat

that at least a modest amount of sinipnaindling ability is iMg inuinneOUS tiing objectives were piuented it)i pilots

necessary to niegotiater thin 51 Turi. lexpri t sfnipfiandlirs andI miastis Iputirtial traies) arnd

their sfiipfnarrdlig afbilities tvere rnasuieY Four o~f thne five

The more precise arid clitfficul t 129 turin of Ling 3 was a sceriar s yielded statistically valind per for iarici st,n-da dls-

much better discriminator of shiphandlig ability. Both The methodology arnd results of the r esearef are eplmorter

mnaxi mum ratio swept path and maximum swept path Ini deltail 1 inl., text aid apperilidcns.
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APPENDIX A

PERFORMANCE MEASURES APPENDICES

LEG A - HARBOR APPROACH

TRAINING OBJECTIVE - SHIPHANDLING IN HARBOR APPROACH

LIST OF ILLUSTRATIONS

Number

A 1 to A 14 Tiack Plots, Mastris, Leg A, Hji boi App' oach

A 15 to A 28 hadck Plots, Pilots, Leg A, Haihor Appioach

A 29 Summary of Data ard Cont ingency Tattle Mean Deviation (in feet) Off Centei line, Leg A, Harbor Appr oach

A 30 Frequenicy Distiibution and Confidejice Interval, Mean Deviation (fin feet) Off Center line, Leg A, Har hoi
Approach

Al31 Sumnmary of Data and Contingency Table, Maximum Deviation (in feet) Off Centerline, Leg A, Hatbor
Appr oach

A 32 Fienuiri'1cy Distr ibutin and( Confidence inter vai, Maximum Deviation (in) feet) Off Ceimtiit, Leg A, Hat hoi

Approiach

A 33 Summary of Data and Conrtirngerncy Tahle, Meanr Deviation (in feet) Off Aver age Ti ackliiii, Leg A, Ha' br
Appioach

A-34 Friquericy Distributon arid Conidenc. Intervil, Meanr Deviation (in feet) Off Aver age Ti ackline, Liet A,
Harbor Approach

*-35 Sumnmary of Data andf Contingency Table, Maximum Deviation fin, feet) Off Aver age, Ti acklir', Leg A,
Harbor Approach

A 36 Frequen-tcy Disti nbution arid Corifidirici Interval, Maximum Deviation (in fe~et) Off Aveige Tr acklirri, Leg A,
Harbor Approach
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TRAINING OBJECTIVE: Harbor Approach

PERFORMANCE MEASURE: Mean Deviation (in feet) Off Centerline

Masters Pilots

X 1028.55 757.43

SD 548.65 315.64
90%

Confidence 1288.55 to 769.45 906.32 to 607.68
Interval -_____________ -- - -- -

Cutoff Score: > 906.32. Subjects with scotes >906.32 ate
considered not to have achieved criterion.

Achieved Criterion Not Achieved Criterion

Pilots 113

Masters 5 9

2 5.25, p -~ 0.025

x2-(with Yates Correction) 3.65, P < 0.05

Figure A-29. Summary of Data and Contingency Table, Mean Deviation (in feet) Off Centerline,
Leg A, Harbor Approach
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TRAINING OBJECTIVE: Harbor Approach

PERFORMANCE MEASURE: Maximum Deviation (in feet) Off Centerline

Masters Pilots

X 2324 1915

SD 1232 1 _ 791
90%

Confidence 2906.81 to 1741.19 {2289.18 to 1540.82
Interval

Cutoff Score: > 2289.18. Subjects with scores 7> 2289.18
are considered not to have achieved criterion.

Achieved Criterion Not Achieved Criterion

Pilots 11 3

Masters 5 9

X2 5.25, P < 0.025

X2(with Yates Correction) 3.65, p < 0.05

Figure A-31. Summary of Data and Contingency Table, Maximum Deviation (in feet) Off Centerline,
Leg A, Harbor Approach
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TRAINING OBJECTIVE: Harbor Approach

PERFORMANCE MEASURE: Mean Deviation (in feet) Off Average Trackline

Masters Pilots*

520.12 300.40

SD 231.28 164.22
90%f . .

Confidence 629.52 to 410.72 384.31 to 216.48
Interval 1

Cutoff Score: > 384.31. Subjects with scores 384.31 are
considered not to have achieved criterion.

Achieved Criterion Not Achieved Criterion

Pilots 10 _ 2j

Masters 5 9

X2  6.00, p < 0.01

X (with Yates Correction) = 4.21, p'< 0.05

N= 12, see text page 26.

Figure A-33. Summary of Data and Contingency Table, Mean Deviation (in feet) Off Average Trackline,
Leg A, Harbor Approach

59



CL

ci 0
o o

0 .

o o
0 vi

w 0 Lo
-o 6

0j0( I -

w0 w

0
wOl

uC

L00
0 1 o

_j 0
w Cu

o)c

occ
u0

F. C
cc Lo

w0

>1 0 .

wU
N

cl

0 F.) N

AO~nogH

A3N~fO~~LL

60



TRAINING OBJECTIVE: Harbor Approach

PERFORMANCE MEASURE: Maximum Deviation (in feet) Off Average Trackline

Masters Pilots

1920.30 1079.30

SD 690.24 735.44
90%

Confidence 2246.61 to 1593.79 1455.07 to 703.52
Interval

Cutoff Score: > 1455.07. Subjects with scores > 1455.07
are considered not to have achieved criterion.

Achieved Criterion Not Achieved Criterion

Pilots 8 4

Masters 3 11

X = 5.42, p < 0.05

X = (with Yates Correction) 3.72, p < 0.10

Figure A-35. Summary of Data and Contingency Table, Maximum Deviation (in feet) Off Average Trackline,

Leg A, Harbor Approach
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APPENDIX B

PERFORMANCE MEASURES APPENDICES

LEG 1 - RUDDER FAILURE

TRAINING OBJECTIVE: SHIPHANDLING IN RESPONSE TO RUDDER FAILURE
IN CONFINED WATERS

The track plots (Figures B 1 through B-28) which follow depict the position of ownship with respect to three anchored ships.

In this scenario, ownship expeienced a rudder failure jamming the rudder at 15 degrees left. By properly using thrus:er and

engine power the master could avoid colliding with any of the three anchored ships or any of the piers depicted to the left

of each track plot. A rcpresenitaton of ownship was plotted at one minute intervals. Thus, five representatives of ownship

in the track plot indicate ownship's position over a four minute period. (A representation of ownship is always provided

for starting position.) The x and y coordinate scales are references to positun in the data base.

LIST OF ILLUSTRATIONS

Number

B-1 to B-14 Track Plots, Master, Leg 1, Rudder Failure

8-15 to B-28 Track Plots, Pilots, Leg 1, Rudder Failure

B-29 Summary of Data and Contingency Table, CPA (in feet) to Ship 3 Including Collisions, Leg 1, Rudder

Failure

B-30 Frequency Distribution and Confidence Interval, CPA (in feet) to Ship 3 Including Collisions, Leg 1, Rudder

Failure

B-31 Summary of Data and Contingency Table, CPA (in feet) to Ship 3 Excluding Collisions, Leg 1, Rudder

Failure

B-32 Frequency Distribution, CPA (in feet) to Ship 3 Excluding Collisions, Leg 1, Rudder Failu~re

8-33 Summary of Data and Contingency Table, CPA (in feet) to Ship 4, Leg 1, Rudder Failure

B-34 Frequency Distribution and Confidence Interval, CPA (in feet) to Ship 4, Leg 1, Rudder Falulr

B-35 Summary of Data and Contingency Table, Time (in seconds) to Reduce Speed Over Giound to Less Than

2 Knots Including Collisions, Leg 1, Rudder Failure

B-36 Frequency Distribution and Confidence Interval, Time (in seconds) to Reduce Spe,., Over Ground to Less
Than 2 Knots Including Collisions, Leg 1, Rudder Failure

63



LIST OF ILLUSTRATIONS (Continued)

Number

B-37 Summary of Data and Contingency Table, Time (in seconds) to Reduce Speed Over Ground to Less Than
2 Knots Excluding Collisions, Leg 1, Rudder Failure

B-38 Frequency Distribution, Time (in seconds) to Reduce Speed Over Ground to Less Than 2 Knots Excluding
Collisions, Leg 1, Rudder Failure

B-39 Summary of Data and Contingency Table, Time (in seconds) to Reduce Rate of Turn to More Than

0.1c/Second Including Collisions, Leg 1, Rudder Failure

B-40 Frequency Distribution, Time (in seconds) to Reduce Rate of Turn to More Than O.1f/Second Including
Collisions, Leg 1, Rudder Failure

B-41 Summary of Data and Contingency Table, Time (in seconds) to Reduce Rate of Turn to More Than
0.1 '/Second Excluding Collisions, Leg 1, Rudder Failure

B-42 Frequency Distribution, Time (in seconds) to Reduce Rate of Turn to More Than O.1/Second Excluding
Collisions, Leg 1, Rudder Failure

B-43 Percent of Rudder, Engine RPM, and Thruster Remaining, Leg 1, Rudder Failure
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TRAINING OBJECTIVE: Rudder Failure

PERFORMANCE MEASURE: CPA (in feet) to Ship 3, Including Collisions

Masters Pilots

xr 326.34 188.23

SD 207.99 189.73
90%4

Confidence 256.57 to 446.18 360.48 to 16
Interval

Cutoff Score: > 199.91. Subjects with scores > 199.91 are
considered not to have achieved criterion.

Achieved Criterion Not Achieved Criterion

Pilots 9 5

Masters 12 2

-(with Yates Correction) =0.762, not significant

Figure B-29. Summary of Data and Contingency Table, CPA (in feet) to Ship 3 Including Collisions,
Leg 1, Rudder Failure
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TRAINING OBJECTIVE: Rudder Failure

PERFORMANCE MEASURE: CPA (in feet) to Ship 3, Excluding Collisions

Masters Pilots

X351.38 263.7

SD 193.13 172.9
90% K

Confidence 256.57 to 446.18 166.91 to 360.48
IntervalL.-____ --

Cutoff Score: > 166.91. Subjects witrh scores > 166.91 are
considered not to have achieved criterion.

Achieved Criterion Not Achieved Criterion

Pilots 7 3

Masters 12 1

X2= (with Yates Correction) =0.7 13, not significant

Figure B-31. Summary of Data and Contingency Table, CPA (in feet) to Ship 3 Excluding Collisions,
Leg 1, Rudder Failure
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TRAINING OBJECTIVE: Rudder Failure

PERFORMANCE MEASURE: CPA (in feet)I to Ship 4

1075.93 922.82

SD 217.58 202.69
90% __

Confidence 1178.85 to 973.00 1018.70 to R96.94
Interval -____ __

Cutoff Scorei Are considered not to

have achieved criterion.

Achieved Criterion Not Achieved Criterion

Pilots 7 3j

Masters 121

x 2 (with Yates Correction) 0.762, not significant

Figure B-33. Summary of Data and Contingency Table, CPA (in feet) to Ship 4, Leg 1, Rudder Failure
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ACHIEVED CRITERION LEVEL

6 901, CONFIDENCE INTERVAL IPILOIS'

/MASTERS, X 1071,93
5 / \ - - - PILOTS,.X 922 82

/\

/

4

U/ /\
/ / \

// /0D 3

~/\

2/

600.5 8005 10005 12005 1400 5

Figure B-34. Frequency Distribution and Confidence Interval, CPA (in feet) to Ship 4, Leg 1, Rudder Failure
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TRAINING OBJECTIVE: Rudder Failure

PERFORMANCE MEASURE: Time (in seconds) to Reduce Speed Over Ground to < 2 Knots including Collisions

Masters Pilots

X520.14 437.14

SD 133.35 136.96
90% __-_

Confidence 583.22 to 457.05 501 .92 to 372.36
Interval

Cutoff Score: > 501.92. Subjects with scores >501.92 are
considered not to have achieved criterion.

Achieved Criterion Not Achieved Criterion

Pilots [ 11 3

Masters [ 6

x 2 3. 74, p <0.10

x with YtsCorrection) 2.39, ritsignificant

Figure B-35. Summary of Data and Contingency Table, Time (in seconds) to Reduce Speed Over Ground
to Less Than 2 Knots Including Collisions, Leg 1, Rudder Failure
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ACHIEVED CRITERION LEVEL

6

90% CONFIDENCE INTERVAL (PILOTS)

5

MASTERS. X 520 14

PILOTS, X 43714

4-

\ /

3-

2

I I

250.5 350.5 450.5 550 5 6505 750 5

Figure B-36. Frequency Distribution and Confidence Interval, Time (in seconds) to Reduce Speed Over

Ground to Less Than 2 Knots Including Collisions, Leg 1, Rudder Failure
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TRAINING OBJECTIVE: Rudder Failure

PERFORMANCE MEASURE: Time (in seconds) to Reduce Speed Over Ground to < 2 Knots, Excluding Collisions

Masters Pilots

525.83 474,54

SD 86.88 131.05
90%,,, - . . - -. -. .

Confidence 570.11 to 481.54 544.47 to 404.68
Interval

Cutoff Score: - 544.47. Subjects with scores 544.47 are
considered not to have achieved criterion.

Achieved Criterion Not Achieved Criterion

Masters75

X2 0.524, not significant

2 (with Yates Correction)

Figure B-37. Summary of Data and Contingency Table, Time (in seconds) to Reduce Speed Over Ground

to Less Than 2 Knots Excluding Collisions, Leg 1, Rudder Failure
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MASTERS, X 525,83
PILOTS,( 47454

5 /

/
-4/

3\/

21

17 1

3005 4005 500.5 6005 70005

Figure B-38. Frequency Distribution, Time (in seconds) to Reduce Speed Over Ground to
Less Than 2 Knots Excluding Collisions, Leg 1, Rudcier Failure
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TRAINING OBJECTIVE: Rudder Failure

PERFORMANCE MEASURE: Time to Reduce Rate of Turn - 0.1 /Sec., Including Collisions

Masters Pilots

x 229 7 205.7

SO 85.1 66.3
90% - i

Confidence 269.95 to 189.45 |23706 to174.33
Interval .. .

Cutoff Score: -- 237.06. Subjects with sccres 237.06 are

considered not to have achieved criterion.

Achieved Criterion Not Achieved Criterion

Pilots 3

Masters 8 6

x2 - (with Yates Correction) 0.655, not significant

Figure B-39. Summary of Data and Contingency Table, Time (in seconds) to Reduce Rate of Turn
to More Than 0.1/Second Including Collisions, Leg 1, Rudder Failure
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TRAINING OBJECTIVE: Rudder Failure

PERFORMANCE MEASURE: Time to Reduce Rate of Turn - 0.1 /Sec., Excluding Collisions

Masters Pilots

X 217.0 207.6

SD 56.85 74.63

Contidence 175.20 to 258 71 165.80 to 249.37
tn t e vat -

Cutoff Score: - 249.37. Subjects with scores "' 249.37 are
consideted not to have achieved critei on.

Achieved Criterion Not Achieved Criterion

Pilots 8 2

Masters 8 4

\2 (with Yates Correction) 0.047, not significant

Figure B-41. Summary of Data and Contingency Table, Time (in seconds) to Reduce Rate of Turn
to More Than 0.1 /Second Excluding Collisions, Leg 1, Rudder Failure
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- MASTERS.X 2170

-PILOTS, 2076

5-

4-

0 3 -
C-,

Lz

2-

1\

150.5 250.5 3505 4505

Figure B-42. Frequency Distribution, Time (in seconds) to Reduce Rate of Turn to More Than 0.1 /Second
Excluding Collisions, Leg 1, Rudder Failure
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Rudder RPM Ahead RPM Astern Thruster

x 75.8 74.79 38.91 17.95

Masters S.D. 30.40 25.76 21,07 23.28

o 4 14 11 14

x 51.5 73.64 38.17 16.29

Pilots S.D. 42.13 27.96 19.22 16.71

n 6 14 12 14

t 0.987 0.112 0.088 0.217

df 8 26 21 26

*All comparisons of means for Masters and Pilots are not significant.

Figure B-43. Percent of Rudder, Engine RPM, and Thruster Remaining, Leg 1, Rudder Failure
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APPENDIX C

PERFORMANCE MEASURES APPENDICES

LEG 2 - 51 ° TURN

TRAINING OBJECTIVE: NEGOTIATING A 510 TURN WITH PASSING SHIP EFFECTS

LIST OF ILLUSTRATIONS

Number

C 1 to C-14 Track Plots, Masters, Leg 2, 51' Turn and Leg 3, 1290 Turn

C-15 to C-28 Track Plots, Pilots, Leg 2, 51 Turn and Leg 3, 129 ' Turn

C-29 Summary of Data and Contingency Table, CPA (in feet) to Ship 3, Leg 2, 51 ' Turn

C-30 Frequency Distribution, CPA (in feet) to Ship 3, Leg 2, 51 Turn

C-31 Summary of Data and Contingency Table, Maximum Swept Path (in feet), Leg 2, 51 Turn

C-32 Frequency Distribution. Maximum Swept Path (in feet), Leg 2, 51' Turn

C-33 Summary of Data and Contingency Table, Average Swept Path (in feet), Leg 2, 51 " Turn

C.34 Frequency Distribution Maximum Ratio Swept Path, Leg 2, 51 Turn

C-35 Summary of Data and Contingency Table, Maximum Ratio Swept Path, Leg 2, 51 Tuin

C-36 Frequency Distribution, Maximum Ratio Swept Path, Leg 2, !1' Turn

C37 Summary of Data and Contingency Table, Average Ratio Swept Path, Leg 2, 51 Turn

C 38 Frequency Distribution, Average Ratio Swept Path, Leg 2, 51 Turn

C-39 Right Rudder Commands by Location, Leg 2, 51 Turn

C 40 Midship Rudder Commands by Location, Leg 2, 51' Turn

C-41 Left Rudder Commands by Location, Leg 2, 51' Turn

C-42 Percent (if Rudder, Engine, and Thruster Remaining, Leg 2, 51 Turn

109



CC

o C
00

zA n

CD

ucc

C
CC

o
0I

(3)z C c',
4 _j

K

m
N 0

c

C Im
z LZ
DC

cc

0 0N oc

a.110

I'No



oo

ccN

0 0S

z
>C

--

0C

C)
C,

Cz CI

4 n (0
CC

C N

C)

z C C

0(
0 C) 0

0 N
13 In I



00

NL

4

00

al,

CN

z 0
0

c -)

an

m, 0~ CD
m LU C4N

a, c

CC

z N

zC

w

c 00

co U
In a, C

a,1a,



00

o(No

N
w

4 T

i-
-j ~C 4

CC

0

C

0
LUC

00
0 0)

UN

0n C

C)

ccC

L(N

0

- V

0 m)

113



cc
00

cc

71 cccc
ccc

z o
r~cc

cci

Ln co
co

c4

cn

(N C

c 0 0

In-

0 114



NN

0;

I.-j

0V
;70

00

OD W

o 0

ClC

(Nm

U4 (U

0

0

ccc

0N L Nt
rq~( N0) c

10115



cc

cccc
Ni

00

-J

cc

0 cc
co

ca C)

ccc

C:
ccl

I 
N-

co

cc
C4

N C

0 0 c
0 0 0-,

( cc

116c



0

a I

z 0©

ccc

2 cl

NU 0

L LL

CC.

N

- ! J

0 0
0 0

11-

0o

2110



C~

cc --

'Zccj

0~~ -1 F 0 n0 C) 
CN

118



LLI
Nc
CC

cc

z, E
C

C~

0 w
4

CM

M co u)

4 17
zC
DC

CC
M c

(0 c0

ucc

N(

'oo

0 0c 0

M m N
M-

11



C'

cc U,

cc,
C'.;

cc

-JL

U7 0

cc

N cc

12



c-

o

(N

rr 0

~E

z
--

r q

0J0

o (o No o o o

CN

0 C 0

mC

CD 00 (N 0 h

In m

1214



00

cc
ujc

00

N0

00

-cm
0

ccc

Lo c

I-m

I-i

w (N
c

J)

N CL

c2 cc

ccl

cc

C4
C4c

cc
cc"

0N

00
(D m 0 rcc
m m m r CN C, -o
m m m m CN

cc122



0~a

IN

ul C)

z
4

-~ ClJ

ccC

00C

o -23



00

-Jo

I- 
N

0

No

cc4

00

0 

CO

0 

0

00

0 
Cn

oo
No

00

m -l
I-I

a.j

jC

I-.

o
0 

o

C2 0NN

0 0
0 0

co 
-

12



o co

> Nl

00

z

(N m

0 w

coC

z C

6 Z)

C

LC)

mN N

o o
0 0

NN
4n m

In.

125



c,!

0

N

0

4 gm

--

CL C
0N

i °

co m 0 g

o No

w N

o ° o °_
N -o g o o

[C

126



C)

00

00l

C,

0

> 0

00

CD

z0

0

oo

coN

4 c4

z127



-LJ

cc cm
0

I-n

LUl

CD

CL c
0~C

(n N

0 C -0

6 17
z

cc CD

0 c
cc 1

128



f-I C

z
uJ 

N

CC

z Cz

00I

-J C129



-C

cc

cc

Lnc

N

0

I---

4 cc

cc

(N2

m cc

z c

cc
y -

o .n

cc

13

o 130



-LJ

z

z C)

T LU w

CD

F- C-C

C'
Cu

4 M-4

(DC 0 L ) (

0 CNcl

131



______________ -- ___________ _______________________ C

0

o

4

I-
z

C

z
4

N

o
-J

4

I-
N

N
0

C
* I-

o -

C,, C

ri
C,

CC
I-

O N
Z Q

0

N

0
0

w

C

c~.

C C C C C o o C o c ~ C
- 0 0 0 0 0 C ~ C o 0

,~ CC C - CC J~ -, C C C C
C C C C C C - - - o c o
C CC C C C) C ~ C C C ~ CC

132



cc --

'C

c.c

-A N O

Ct

LO 03c
CNC

133v



-0- - -7

Nj

0U

-3
cc

I-

-4 CC

0 )

43



00

4C

m C%

CLC

fn

C)

n C' C

4135



o cc
N Nl

o N

m C)

ww

0-

m CL

I-Y

z LL

0

00

0) 0 N

1361



00

o i x

I--
cc

D2

ccc

C
C

C)C

cc
z I0

CC
ccl

C4C

cmc

C- C

0 0

00m
m0 C

137c



TRAINING OBJECTIVE: 51' Turn

PERFORMANCE MEASURE: CPA (in feet) to Ship 3

Masters Pilots

x 487.35 504.55

SD 237.97 154.83
90% - - -

Confid'nce 599.92 to 374.78 577.79 to 431.31
inttval - -

Cutoff Scow: - 431.31. Subjects with scores . 431.31 are
considered not to have achieved criterion.

Achieved Criterion Not Achieved Criterion

Pilots 10 4 ]
Masters 8 6 -

\2 0.622, not significant

\2 (with Yates Correction) - 0.156, not significant

Figure C-29. Summary of Data and Contingency Table, CPA (in feet) to Ship 3, Leg 2, 51' Turn
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MASTERS, X 302.62

PILOTS,.X 319.92 /

6-

5/I

L(I
4I
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1_ -J\

1001 300 1 500 1 7001 9001

Figure C-30. Frequency Distribution, CPA (in feet) to Ship 3, Leg 2, 51 Turn
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TRAINING OBJECTIVE: 51 Turn

PERFORMANCE MEASURE: Maximum Swept Path (in feet)

Masters Pilots

X 537.78 548.07

SD 69.50 6890

900
Confidence 570.65 to 504.91 580.65 to 515.48

Inte rval

Cutoff Scoe: 580.65. Subjects with scotes 580.65 ite
considered not to have achieved Ci itel lon.

Achieved Criterion Not Achieved Criterion

Pilots 113

Mastels 77

: 2.49, riot siqnificart

Figure C-31. Summary of Data and Contingency Table, Maximum Swept Path (in feet), Leg 2, 51 Turn
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TRAINING OBJECTIVE: 51 Turn

PERFORMANCE MEASURE: Average Swept Path (in feet)

Masters Pilots

x 302.62 319.92

SD 38.88 36.92

Confidence 321.01 to 284.23 337.38 to 302.45
n ter I V I

Cutoff Score: 337.38. Subjects with scores "> 377.38 are?
considered not to have achieved criterion.

Achieved Criterion Not Achieved Criterion

Pilots 1 2 2

Masters 12 2

\ (with Yates Correction) 0.292, not significant

Figure C-33. Summary of Data and Contingency Table, Average Swept Path (in feet), Leg 2, 51 Turn
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TRAINING OBJECTIVE: 51 Turn

PERFORMANCE MEASURE: Maximum Ratio Swept Path

Masters Pilots

X 50470 .54806

SD .1051 .0813
90 ,?, .-

Contid nce .55442 .58652 to .50960
Inter vil . ....

Cutofi Stoie: 0.58652. Subjects with scores - 0.58652
'ft! coflsideled not to have achieved criterion,

Achieved Criterion Not Achieved Criterion

Pilots 11 3~
Mastets 131

\2 (with Yates Correction) 0.291, not siqnificant

Figure C-35. Summary of Data and Contingency Table, Maximum Ratio Swept Path, Leg 2, 51 Turn
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-
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30005 4000.5 50005 6000,5 70005 80005

Figure C-36. Frequency Distribution, Maximum Ratio Swept Path, Leg 2, 51 Turn
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TRAINING OBJECTIVE: 51 Turn

PERFORMANCE MEASURE: Average Ratio Path

Masters Pilots

x 0,25369 .26964

SD 00312 1.0359
90%x

Confidence 0.26845 to 0.23893 .28662 to 0.25265

Interval

Cutoff Scowe ' 0.28662. Subjects with scoies 0.28662

are consider id not to have achieved criterion.

Achieved Criterion Not Achieved Criterion

Pilots 113

Masters 12 2

2 =(with Yates Correction) 0, not signficant

Figure C-37. Summary of Data and Contingency Table, Average Ratio Swept Path, Leg 2, 51 Turn
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Rudder RPM Ahead RPM Astern Thruster

x 67.14 35.14 18 8.84

Masters S.D. 4.62 18.03 - 11.08

n14 14 1 2

x 69.64 31.43 18 50

Pilots S.D. 5.06 21,95

n 14 14 2 1

t1.365 0.489

d f 26 26

*All comparisons of means for Masters and Pilots are not significant.

Figure C-42. Rudder, Engine, Thruster Percent Remaining for Masters and Pilots, Leg 2, 51 Turn
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APPENDIX D

PERFORMANCE MEASURES APPENDICES

LEG 3 - 129' TURN

TRAINING OBJECTIVE: NEGOTIATING A 129 TURN AROUND SHOAL
WITH ONCOMING TRAFFIC

LIST OF ILLUSTRATIONS

Number

D-1 Summary of Data and Contingency Table, Maximum Swept Path (in feet), Leg 3, 129 Tum n

D-2 Frequency Distribution and Confidence Interval, Maximum Swept Path (in feet), Leg 3, 129 TuTn

D-3 Summary of Data and Contingency Table, Average Swept Path (in feet), Leg 3, 129 TLi n

D-4 Frequency Distribution, Average Swept Path (in feet), Leg 3, 129 Turn

D-5 Summary of Data and Contingency Table, Maximum Ratio Swept Path, Leg 3, 129 Tui n

D-6 Frequency Distribution and Confidence Interval, Maximum Ratio Swept Path, Leg 3, 129 Tun

D-7 Summary of Data and Contingency Table, Average Ratio Swept Path, Leg 3, 129 Tuin

D-8 Frequency Distribution, Average Ratio Swept Path, Leg 3, 129 Turn

D-9 Percent of Rudder, Engine, and Thruster Remaining, Leg 3, 129 Turn
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TRAINING OBJECTIVE: 129 Turn

PERFORMANCE MEASURE: Maximum Swept Path

Masters Pilots

X 534.01 513.98

SD 52.70 1 43.80
90 ,11,

Confidence 558.93 to 509.09 534.71 to 493.25
Interval -

Cutoff Score: --- 534.71. Subjects with scores > 534.71 are
considered not to have achieved criterion.

Achieved Criterion Not Achieved Criterion

Pilots 13 1

Masters 7 7

X2  (with Yates Correction) - 4.38, p 0.025

Figure D-1. Summary of Data and Contingency Table, Maximum Swept Path (in feet), Leg 3, 129 Turn

154



CC))

-j 0
_j U

WI
< L

U) a.

z

U) x
0C

zz

0)

ADNU MOH

155



TRAINING OBJECTIVE: 129 Turn

PERFORMANCE MEASURE: Average Swept Path (in feeti

Masters Pilots

[ 252.81 252.99

S[ 28.28 38.88
90% --

Confidence 266.19 to 239.43 271.38 to 234.60
Interval

Cutoff Score: >271.38. Subjects with scores > 271.38 are
considered not to have achieved criterion.

Achieved Criterion Not Achieved Criterion

Pilots 13 1

Masters 10 4

X
2  - (with Yates Correction) 0.974, not significant

Figure D-3. Summary of Data and Contingency Table, Average Swept Path (in feet), Leg 3, 129' Turn
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TRAINING OBJECTIVE: 129 Turn

PERFORMANCE MEASURE: Maximum Ratio Swept Path

Masters Pilots

X 0.70326 10.66443
SD 0.0589 __10.0462

90% 
--

Confidence 0.73112 to 0.67539 0.68628 to 0.64258
Interval - -

Cutoff Score: 0.68628. Subjects with scores 0.68628

are considered not to have achieved criteion.

Achieved Criterion Not Achieved Criterion

Pilots 10 4

Masters 5 9

3.5897,p,-0.05

2 (with Yates Coriection) 2.29, p -- 0.10

Figure D-5. Summary of Data and Contingency Table, Maximum Ratio Swept Path, Leg 3, 129 Turn
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ACHIEVED CRITERION

7Il

90"', CONFIDENCE INTERVAL (PILOTS)

6

MASTERS, X 97

5

z
wL 4

3

2

6250.5 6750.5 7250.5 7750 5 82505

Figure D-6. Frequency Distribution and Confidance Interval, Maximum Ratio Swept Path, Leg 3, 129 Turn
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TRAINING OBJECTIVE: 129 Turn

PERFORMANCE MEASURE: Average Ratio Swept Path

Masters Pilots

x 0.29671 0.29577

SD 0.0266 0.0140
90%

Confidence 0.30929 to 0.28413 0.30239 to 0.78914
Inteival - -

Cutoff Score: - 0.302939. Subjects with scoies ., 0.30239
are considered not to have achieved ci itet ion.

Achieved Criterion Not Achieved Criterion

Pilots 10 4

Masters 9 5

x2 (with Yates Correction) 0, not significant

Figure D-7. Summary of Data and Contingency Table, Average Ratio Swept Path, Leg 3, 129 Turn
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MASTERS. X 0 29671
PILOTS, X 029577

6

5/ f

/
04I

/3./

2/

r I I I

2600.5 28005 3000.5 3200.5 3400 5 3600 5

Figure D-8. Frequency Distribution, Average Swept Path, Leg 3, 129 Turn
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Rudder RPM Ahead RPM Astern Thruster

x 49.92 31.57 28.33

Masters S.D. 21.81 20.99 26.09

n 14 14 5

58.57 37.85 18 38.33

Pilots S.D. 7.15 26.96 - 20.86

n 14 14 7 10

t 1,410 0.688 0.808

df 26 26 13

*All comparisons of means for Masters and Pilots are not significant.

Figure D-9. Rudder, Engine. Thruster Percent Remaining for Masters and Pilots, Leg 3, 129 Turn
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APPENDIX E

PERFORMANCE MEASURES APPENDICES

LEG 4

TRAINING OBJECTIVE: SHIPHANDLING IN RESPONSE TO PROPULSION FAILURE

IN VICINITY OF BRIDGE AND SHOAL

LIST OF ILLUSTRATIONS

Number

E-1 to E-14 Track Plots, Masters, Leg 4, Propulsion Failure

E-1 5 to E-28 Track Plots, Pilots Leg 4, Propulsion Failure

E-29 Percent of Rudder, Engine, arnd Thruster Remaining, Leg 4, Propulsion Failure
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Rudder RPM Ahead RPM Astern Thruster

x 53.36 64.29 27.87

Masters S.D. 9.6 35.70 16.71

n 14 14 13

x 51.43 56.21 29.91

Pilots S.D. 8.48 25.41 - 16.74

n 14 14 14

t 0.391 0.690 0.323

df 26 26 25

*All comparisons of means for Masters and Pilots are not significant.

Figure E-29. Rudder, Engine, Thruster Percent Remaining for Masters and Pilots, Leg 4, Propulsion Failure
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APPENDIX F

INSTRUCTIONAL TECHNIQUES

INTRODUCTION cognitive structures. For example, certain people tend to
use different hierarchies of organization, or different

As the feasibility of training shiphandling skills on a simu- parameters of categorization, and material can be presented
lator becomes more and more evident, certain advantages with these organizational tendencies in mind, to make the
of simulator training over on-ship training are immediately task of learning and remembering that much easier for each
apparent. The high cost and scheduling problems of operat- individual. Research oil specific cognitive styles and how
ing a training ship, the danger involved, and the limitations training can be related to these is examined here.
placed by environmental factors on the types of training
possible can be offset to some degree by training on a LITERATURE REVIEW
simulator, especially in situations that are particularly
dangerous or naturally infrequent. In this way, benefits CURRICULUM DESIGN
can be accrued simply by using the simulator as if it were
an actual ship, and striving for as much realism as possible Perhaps the best way of addressing the issue of curriculum
in the training scenarios. However, an examination of the design is through employment of the Armed Forces Instruc-
literature on principles of training suggests that the simu- tional Systems Development (ISD) technique. This tech-
lator provides an opportunity to employ what is known nique provides a systematic and standardized approach
about the psychology of learning towards maximizing the toward the various aspects of curriculum design such as
efficiency and effectiveness of training programs. The new task analysis, assessment of requirements, definition of
trend in simulatr instruction is to present material, not training objectives, assessment of trainability, estimation
necessary to duplicate the real-life situation, in such a way of benefits, etc., and thus represent perhaps the best way of
as to ensure that it is understood and remembered, pro- attacking the problem. Montemerlo and Tennyson (1976)
moting the development of the skills needed to perform Vineberg and Joiner (1978) provide a description of the
the tasks involved on the job, development of ISD, an analysis of the concepts involved,

and a detailed description of the methodology for designing
The literature available describing this trend falls into four a training curriculum.
broad categories. First, the dsign of the curriculum is of
critical importance. Procedures for determining precisely Two other articles have also been located concerning
what is to be taught are being developed, and the order of factors of curriculum design. The first, Matlick, Swezey,
presentation is being shown to have a great effect on and Epstein (1980) investigates factoi influencing the
learning efficiency. design of individualized instructional progams. Three

major areas are identified and broken down into complex
The second of these broad areas is that concerning research subsets. The three areas are the instructional setting, the
on cognitive styles. It is becoming recognized that people focus (equipment, technique, knowledge) and time con-
have various ways of acquiring information from the siderations (fixed or variable schedules). Eight controlling
environment, processing the information, and incorporating influences on instructional programs are also described:
it into their long term memory. Cognitive psychologists 1) time available, 2) instructional personnel. 3) facilities,
are classifying the different strategies used to process and 4) instructional management, 5) student population and
store information along various parameters, and are characteristics, 6) course type, 7) instructive methods,
developing ways of classifying people in terms of their 8) media/materials/devices. The paper assumes that training
predominant cognitive strategies. Attempts, are being standards will be more or less fixed and so four approaches
made, therefore, to design training programs which present to training can be used, with either fixed or variable cur-
material that is structured to correspond to the individual's ricula in various combinations with either fixed or variable
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training times. Some advantages ano disadvantages of each The author suggests that the important thing is to translate

approach are discussed, and some existing training pro- the restructuring of the cognitive construct into an organ-

grams are described. (None of these programs, however, ized series of actions. These actions are called enabling

deal directly with simulated shiphandling.) The major objectives and are concerned with what is to be stored and

idea here is to strike a balance between required standards, also what arrangement these things are to be stored in to

allotted time, arid the capabilities of each trainee, facilitate retrieval (i.e., what associations are to be

emphasized).

The other paper relating to curriculum design is Bergan,

Cancelli, and Towstopiat (1978). This begins with the These iostructuring actions will probably be different for

premise that most training tasks can be broken down and different people and so certain things about the learner

taught as hierarchies of simpler skills. In order to make sure must be known if for instance, his ability to grasp concepts

the hierarchies are correctly designed, the authors say three and relationships, aptitude for verbal reasoning, aptitudes in

hypotheses must be tested. First, that the specific trainee spatial abilities (this is suppoed to parallel the idea of

tesponses called for in training represent response classes closely relating concepts in cognitive space) ienriencies in

applicable under different stimulus conditions; second structuring information (field dependence test, visual-

that subordinate skills in the hierarchies are indeed pre- haptic test) and abilities to restructure information.

,equisite to superordinate ones; and third, that prerequisite

;,kills mediate the transfer of superordinate ones. The To assess progress, the author suggests deriving matrices of

paper investigates ways of testing these hypotheses and entry concepts and compariny them with post-instruction
.tescribes in considerable detail the design and analysis of matric -s. He presents mathematical models for making this

;in experiment in which these hypotheses were tested. If, comparison and for comparing the learner matrices with

is it seems from the literature, it is decided that training the ideal matrix of the instructional design.

,ry components or chains in a superior technique, the ideas

rutlined in this paper may prove useful in determining the This article seems particularly important in that it gives a

)roper relationship of the components and chains, psychological foundation to the contention that scientific

curriculum design if of the utmost importance in training.

.OGNITIVE STYLES
Another cognitive styles article, Ausburn (1979), postulates

)ne article pertaining to cognitive styles attempts to draw a link between learning characteristics (dictated by cogni-

omparisons between the semantic or organizational tive style) and learning task requirements. Where the two

tructure of the learning material and the learner's cognitive are compatible, learning is facilitated, but where there is a

onstructs. In Winn (1976) the author's premise is that an discrepancy, learning is hindered. In the latter case, the

ffective i istructional system should present information instructional design should bridge the gaps between learning

) that cognitive structures resulting from instruction style and task requirements. This is clone by performing for

)rrespond to the structure of the content to be learned, the learner tasks which he would ordinarily have to do

le discusses methods for describing content-structure and himself but cannot because of limitations in his cognitive

ognitive structure and for comparing the two, then style (supplantation). Thus, instruction should be designed

resents and illutrates methods for studying changes in to interact both with task requirements and cognitive style.

ognitive structure as a result of instruction.

The first step In supplantational instruction design is the
:ognitive structure is described here as networks of inter- definition of the basic mental task requirements. Second

'lated concepts forming a coherent conceptual domain, is the identification of characteristics that might prevent

earning takes place when cognitive structure changes the learner from performing the task. Third is designing an

rid so instruction should relate the nature of individual instructional tietment that can supplant the necessary

oncepts and also the relations between them. Thus, an function.

nalysis must be performed to determine such relations.

uich analyses should be concerned with observable This study investigated the learning of visual comparison

ehaviors and also with learning processes. The author tasks by "visuals" vs. "haptics' (the latter are thought to

uggests such analyses can be carried out either "rationally" be unable to retain visual images) and supplantation was
ir empirically and describes the procedures by means of applied. Two groups each of visuals and haptics saw three

I chart: slides of machinery a close-up of a specific control device
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on a machine, a medium-angle shot, and a long range shot. interactive effect is shown; no one style of teaching may
Then they had to locate the control on a drawn diagram ever be found to be best since the learner's preference

of the whole machine. One group each saw the slides at seems to have an effect on the relative effectiveness of

a time (linear condition) for 3 seconds each and the other different teaching strategies.

groups saw the slides simultaneously (multiple condition)

for nine seconds. Both visuals and haptics did better in the Not only do teaching strategies interact with learner vaii

multiple condition compared to the linear conditions ables, but they seem to interact with one anothe as well

(visuals did better than haptics in both conditions) but Briggs, Naylor, and Fuchs (1975) demonstrate just such a

haptics showed significantly more improvement. The idea case. This experiment investigated the relative efficacy of

is that haptics could not store images to perform the whole-task and progressive-pi, t training strategies. It was

linear comparison so the multiple presentation supplanted found that as a task becomes more complex, the progres

the process and helped them. sive-part technique (which is less effective for simple tasksl

becomes better and better until at a certain level of coin
The paper lists other cognitive style dimensions that are plexity it surpasses the whole-task. When task otganrzati,)n

testable and explains how these may relate to training. The level was introduced as a variable, however, the trend was

dimensio'is identified include: leveling-sharpening, distract- reversed; as a task became more highly organized, whole

ability, breadth of categorization, scanning, impulsive- task training became better for more complex tasks. Thus,
reflective, tolerance for unrealistic experiences, cognitive it can be seen that careful task analyses must be per for med,

complexity-simplicity, conceptual style, and grouping especially concerning the organization and complexity of

preference. Various aspects of a training program should be a task, before a training strategy is dediced upon.

closely scrutinized to see whether any of these factors

could influence the acquisition of certain skills. Alternative Much to the same point as the above study is Btiggs and
strategies might then be developed to assist trainiees whose Johnson (1977). This is a lengthy study investigating the

cognitive styles might not be conducive to learning portions effects of interacting variables on learning. This study used

of the standard training program, a series of written deciphering tasks, ten to a block, and

varied the spacing of the trial blocks, the frequency with

Another article was located which illustrates the above which subjects were provided with knowledge of training
point. Johnson (1978) describes a study in which trainees standards, and the manner in which these standards wirn

with differing degrees of vividness of mental imagery were presented. None of these variables showed any significant

trained to run an assembly line on simulators with different main effects, but various combinations of the three wer

levels of fidelity. The study showed a situation in which found to produce significantly better performance than

the degree of simulator fidelity caused different training other combinations. The authors suggest, therefore, that

and transfer effects on different subjects, depending on in implementing any training devices, the interaction of

how they scored on a scale of vividness of visual imagery, new and old training methods must be studied first.

Thus, it is shown that generalizations about the effects of

different treatments cannot be made without taking into Of course, the most impoitant objective of training is to
account certain learner characteristics which may interact ensure that the material is acquired, retained, and trans

with some instructional variables. ferred to the operational setting. One interesting study,

Dansereau (1975), describes various principles of abstract
INSTRUCTIONAL TECHNIQUES learning and applies them toward developing better study

habits. This might well serve as an introduction to any
The literature that has been placed in this category also training program by outlining ways of enhancing learne

points out interactional effects in training. Brown (1978) strategies through techniques such as imagery linking,

reports a study which found that students come into the rehearsal, etc.

learning situation with certain ideas as to what styles of

teaching help them learin best. They rated the actual teach A study which directly investigated factors influencing the

ing style they received and it was found there was a positive transfer of training was Briggs and Johnson (1976). This

correlation between the amount of congruence between study measured the transfer of tasks trained under simple

preferred and perceived teaching styles ant) high giades, conditions to a more complex situation. A task involving

Thus, it might pay to make an effort to teach a student in speed and accuracy was trained, one group being trained

the manner which he feels is most beneficial. Also, the for speed, the other for accuracy. In transfer, if the groups
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were asked to maximize performance in the other condi- performing the task correctly. The backward chaining
tion, no significant decline in performance occurred. If technique is designed to overcome this. Prompting and
they were asked to maximize both aspects, however, both fading is used by providing a student explicitly with infor-
suffered a decline. matron he will eventually have to derive from the envtron-

merit. As training progresses, this explicit information is
Another section Gf the experiment involved training using gradually removed and the student learns to acquire cues on
verbal coordination of team efforts but no visual coordina- his own. Discrimination and simulus control is described as
tion (i.e., each member had his own instrument readout), learning to perform by responding to changes in the stimu-
visual but no verbal (they worked off the same instruments lus input, and being able to distinguish the meanings of the
but did not discuss what they were doing), or both. various inputs. Finally, generalization refers to applying the
"Visual" and "both" were not found to differ from each meanings one derives in one situation to other appropriate
other, but each was significantly better than "verbal" alone, situations.

In addition, teams trained together showed no superiority Bailey and Hughes also discuss the role of task analysis In
over teams which were remixed for transfer trials. It was training techniques. The three major areas here ate com
iuggested that any special efforts made to train teams in ponent analysis (in which components of a task are first
the same arrangement in which they will be working will learned separately and then learned concurrentlyl, chain or
:niobably be wasted. sequence analysis (which relates to the backward chaining

technique described above), and dimension of difficulty
Jne area of particular interest in training is the proper use analysis (involving identifying the difficult aspects of a task
If feedback. The utilization of feedback in training was and presenting "watered-down'" versions of these aspects
-'xamined in a study by Schuster (1978). In this study, early in training, gradually increasing them in complkxity).
hivers were trained in one of four ways: no feedback, a The major thrust of the paper, then, is a description of

-est but no knowledge of results, a test yielding instant ways to use the simulator as a training device rather than
knowledge of results, and two such tests taken a week merely as a poot substitute for a real life situation.
part. The fourth group had significantly fewer accidents
Ind violations during the first year of driving than the first Finally in the area of training techniques is itn article which
toup, although there was no difference between the provides a very detailed overview of many aspects of the
roups during the second and third years. Possibly, the question of efficient training. Cato, Shelnutt, and Spears
roup trained with the benefit of feedback achieved a (1980) describe many different factors influencing transfer
rerformance level in one year that it took the other group of training. The major thrust of the paper is that behavior
wo years to achieve. should not be considered a response to a stimulus per se,

but rather as in appropriate action taken in light o1 the
\nother paper which is particularly valuable in applying meaning of the stimulus, that is, performance Is guide(] by
irrous principles of behavior and learning to instructional cues. Thus, trainees should be taught medrational processes,
ffectiveness is Bailey and Hughes (1978). This paper learrng the meanrngs of stimuli, and riot just the responsi's
:lentifies and explains these prirciples in tvri s of simulatri to the stimuh, Ni'xt, trainees should learn cue ard trsponsi'
tainirg. Reinforcement should be uised by Identifying discrimirratons noticing the difference in meaning of

orrect behaviors and pro% :rhinq some posit vi feedback foi vat i1i , 
SirnilJr Stimuli, skills should be taught in hietarchies

,roper performance . Conrverse Iy, it on (Ilit also heI effective so that rnote complex skills can be built on simpler onies

o arrange aversive fredhack for incorect perlfoiri-arci. Hutr, simulators can be particularly useful In practicing
,haping is described as systematically adding complexity comirponents of complex skills that cannot hr isolated iI
,) the training task, startinq at a fairly low level. This way, r',al life. Finally, the: trainees should be taught to generalize,
ne trainee is able to be reinforced irmmeriatr' ly anI carn that is, to apply skills in a ituhation different fr0rim th' one
:ontinue to be reirforcerl as he progrrsses. Chaining is a In wIiich they were learned.
rechnique in which the training task is broken rown into a
''res of smaller Units. The units are then practiced to Accomrmin to this view, the physical stimuli ii the simulator
rrterron, the last one alone is practiced first, then the last neid riot be identical to the real life situations as long as

'wo alone, the last three, and so orn. Supposelly, one' th' psychological fidelity is high, that is, the same meanings
problem in learning long sequences is that the early seg call he xtracted from stimulus situations. Thir important
nen.i are ton far removed from the ri'inforcement of tf-inq is that students hi, trai rn'n 1 medIational plocesses,
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the extraction of meaning from situations, and thus the use that instructors should be selecteo for their desire to be
of classroom and text instruction is valuable. Also, the instructors, should be trained in instructional technques,
trainees should be encouraged to "talk themselves through" not only in shiphandling, and should not have to compete
learning situations. In this way, instructors can see what with regular ships officers in terms of advancement and
the students are attending to and if the proper meanings recognition. The case for the instructional specialist is

are being extracted, strongly made in this paper.

The authors also emphasize the importance of feedback in Another paper was located which also suggests the same
training, both to maintain the student's motivation and to thing. Caro (1976), in a long and speculative paper, identi-
inform him of the appropriateness of his interpretations fies a few instructor characteristics. The author says an
and actions. Intrinsic feedback is the natural result of the experienced pilot does not make a better instructor than
performance itself, and the meanings usually have to be someone who is specifically trained as a simulator instruc-
learned. One thing suggested in this paper is that salient tor, although students may have more confidence in the

aspects of intrinsic feedback can be highlighted in the experienced pilot. The author offers several suggestions
simulator to enhance learning. In addition, there is supple- which are speculative, but noteworthy: good instructors

mental feedback (which is not inherent in the situation) teach what is needed for the assignment not everything
which could perhaps be provided by the instructor pointing they know; good instructors do things to simulate opera-
out the results of an action. This would help the trainee tional situations; good instructors let trainees go further
acquire cue meanings and discriminatory ability. The timing before hitting the freeze button; and good instructors
of feedback is important as well, especially when the concentrate on trainees' needs rather than on just getting
relationship between rue and response is not clear and through the syllabus.
immediately recognizable. In this case feedback must be
virtually instantaneous and the simulator should be used to Certain aspects of instruction behavior that might influence

provide this rapid feedback where a real life situation the ability of students to learn have also been investgated.

might not. One Paper, Land 11979), identified several behavioral
variables which made a teacher presenta on "'clear" or

The concept of training in this paper is that of guidance, "unclear." The author video-taped a "clear'' lecture and

that is, directing the actions of the trainee to a desired goal. an "unclear" one and measured the performance )f
This speeds learning by presenting meanings of cues and students taught by each. Students taught by thre cleat tape
their proper relations to responses, thus eliminating the performed better on a test immediately loll,vinq the
waste of learning by trial and error. Written and oral lecture. It might be valuable, therefore, for instructors to
instruction and demonstrations all should be incorporated he trained in clarity of presentation, since this can bi'
into the simulator training progIan to this end. These ideas quantified, and does appear to affect student learning.
are developed in the paper and detailed summaries are
provided. Another article investigating instructor behavior was found

to be narticularly applicable. Krahenbuhl and Reid (1980)
assert that stress is a main cause of failure in training

INSTRUCTOR CHARACTERISTICS programs. Research is cited indicating that hill levels of

arousal bias a students' search process toward readilv avail-
The paper by Caro, Shelnutt and Spears discussed immedi- able responses, which is not appropriate In ,) learning

ately above also provides a useful discussion of certain situation. The experimenters categorized various instructor
aspecls of instructor characteristics. The major thrust of behaviors into commands, instructional cues, questions.
this discussion is that simply taking an expert pilot (or acceptance, qeneral praise, specific praise, gtineial scold.
shiphandrler) and placing him as an instructor is not always specific scold, coriecton, positive modrling, and negative
beneficial. Many times, an experienced pilot will feel he ,s modeling. These categories vvere classiri as negativi' o
being "stuck" in an undesirable situation, and this attitude positiv and certain iat irs were rstablished to characterize
must interfere with his ability to teach. Further, the expert instructors as either positivw or negative. Physical indices of
is not necessarily familiar with the instructronal techniques student stress levels were measured arnd it was found that

which can he used on a simulator and tends to see the tasks students of negative instructors experienced significantly
holistically, using the simulator as a substitute ship, which more stress than did students of positive instructors; thus

does not utilize its training potential. The authors suggest the former suffered in training. This study is significant ,n
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identifying specific behaviors which cause stress in students, be used, employing what is known about human learning

thus enabling instructors to be trained to avoid them. and behavior, to help the student understand what informa-

tion he needs to make his decisions, how to use the infoi

The above study, generally speaking, seems to indicate that mation, what his responses ought to be, and how best to

the person-to-person interaction of instructor and pupil carry out those responses. The role of the instructor is

can affect learning. A report by Coehls (1979) is an in under investigation as well, and behaviors that can facilitate

formal and rather prosey discussion of the interpersonal or interfewe with the learning process are being Identified

relationship between instructor and pupil. This might be as specifically as possible. The simulator can and should be

interesting for prospective instructors to read before used to present ceitarn information and in certain arrange-

entering the training situation, ments which facilitate learning and which cannot be pre-

sented in the natural environment. It is the new job of the

Finally, a description of how the instructor should be instructor to understand the science of training, in addition

involved in all aspects of training is provided in Charles to the science of shiphandling.

(1977) (NTIS No. AD-A047919). This paper breaks down

tire role of the instructor into discrete segments and One view of the process involved in shiphandling reduces

analyzes the procedures for achieving these segments. The this process to a scientifically manageable level and suggests

major segments are- Preparation, Briefing, Initialization, a direction for future research. Shiphandling, arid indeed

Training, Evaluation, Debriefing, Data Management, arid most similar activities, can be seen as a series of decisions

Syllabus Development. The-. segments are further broken which must be made. In order to make these decisions

(down into 35 sub-functions which are explained it) the correctly, the shiphandler must extract certain information

report. In this view, the instructor interacts with tfie from the environment on which to base them. This infor-

ta ning curriculurn so that the curriculum design is a mation is available either diiectly from the environment

dynamic arid flexible procedure which can be tailored to or indirectly via the ship's instiumentation arid comes to

the needs of the student arid the capabilities of tfie the shiphandle through various perceptual states and

instructor. events. Thus, it is vital that the shiphandle trainee learn

where to locate the specific information lie needs it a par

ticular instance, arid how to correctly interpret the petcep-

SUMMARY tual events that contaii the information. What is needed,

then, is research to determine exactly what information is

Reading the current research literature oil training makes it used by the expert shiphandler in the performance of his

far ly evident that training is developing into a science arid tasks. If this information and its location in the environ-

the simulator can occupy a key role in its development. mernt can he identified, the attention of the tiainee can

It is being recognized that training can be carried out much then be diiected toward it, thus speeding tile training

more rapidly and less expensively if it is approached sys process. In addition, the meanings of various states arid

tematically, and ways are being developed to accomplish changes in the environment can be taught diiectly, hope-

this. In order to know how best to teach it must be known fully lessening the number of things the tiainee must learn

exactly what to teach, what tasks ate involved, and what for himself through experience. Tie simulator can lie usei

basic skills ate needed to perform these tasks. The impor- ii this way to highlight and provide meaning to tIle infor

tance of thins kind of task analysis is becoming evident arid mation-beariing aspects of th? environment, This i'xtra

procedural guidelines have been developed to standarhize information can be phased out gradually as training pro-

and facilitate the process. Once the tasks have been gresses, thus leaving the trainee( better able to deal with 11le

analyzed, various methods of presenting the material can problems lie will face in the real-life situat on.
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